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IMPROVED METHOD OF PURIFYING TFPI AND TFPI ANALOGS 



O 

[01] This application claims the benefit of and incorporates by reference co-pending 
provisional applications Serial No. 60/494,546 filed August 13, 2003, Serial No. 
60/509,277 filed October 8, 2003, Serial No. 60/512,199 filed October 20, 2003. 

FIELD OF THE INVENTION 

[02] The invention relates to the production of purified TFPI. 

BACKGROUND OF THE INVENTION 

[03] Tissue factor pathway inhibitor (TFPI) is 276 amino acids in length and functions as an 
inhibitor of tissue factor-mediated blood coagulation. See U.S. Patent 4,966,852. The 
amino terminal end of TFPI is negatively charged, and the carboxy terminal end is 
positively charged. The TFPI protein contains three Kunitz-type enzyme inhibitor 
domains. TFPI contains 18 cysteine residues and forms 9 disulfide bridges when 
correctly folded. The primary sequence contains three N-linked consensus glycosylation 
sites (Asn-X-Ser/Thr). The asparagine residues of the glycosylation sites are located at 
positions 145, 195 and 256. TFPI is also known as lipoprotein associated coagulation 
inhibitor (LACI), tissue factor inhibitor (TFI), and extrinsic pathway inhibitor (EPI). 

[04] Use of TFPI has been proposed for the treatment of various indications, including sepsis 
(U.S. Patent 6,063,764 and WO 93/24143), deep vein thrombosis (U.S. Patent 5,563,123, 
U.S. Patent 5,589,359, and WO 96/04378), ischemia (U.S. Patent 5,885,781, U.S. Patent 
6,242,414, and WO 96/40224), restenosis (U.S. Patent 5,824,644 and WO 96/01649), and 
cancer (U.S. 5,902,582 and WO 97/09063). A TFPI variant, which differs from TFPI by 
the addition of an alanine residue at the amino terminus ("ala-TFPI"), has been shown to 
be efficacious in animal models for the treatment of sepsis. Carr et aL, Circ. Shock 
44(3), 126-37, 1994. 
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[05] There is a continuing need in the art for biologically active, purified TFPI and methods of 
obtaining it. 

SUMMARY OF THE INVENTION 
[06] The invention provides at least the following embodiments. 

[07] One embodiment of the invention provides a purified preparation comprising a plurality 
of TFPI or TFPI analog molecules. Less than about 12% of the TFPI or TFPI analog 
molecules are modified species. The modified species include one or more of the 
following: an oxidized TFPI or TFPI analog molecule, as detected by reverse phase 
chromatography; a carbamylated TFPI or TFPI analog molecule, as detected by cation 
exchange chromatography; a deamidated TFPI or TFPI analog molecule, as detected by a 
Promega ISOQUANT® kit; a TFPI or TFPI analog molecule that comprises a cysteine 
adduct, as determined by amino acid analysis; aggregated TFPI or TFPI analog 
molecules, as detected by size exclusion chromatography; and a misfolded TFPI or TFPI 
analog molecule, as detected by non-denaturing SDS-polyacrylamide gel electrophoresis. 

[08] Another embodiment of the invention is a pharmaceutical formulation comprising a 
plurality of TFPI or TFPI analog molecules. Less than about 12% of the TFPI or TFPI 
analog molecules are modified species. The modified species include one or more of the 
following: an oxidized TFPI or TFPI analog molecule, as detected by reverse phase 
chromatography; a carbamylated TFPI or TFPI analog molecule, as detected by cation 
exchange chromatography; a deamidated TFPI or TFPI analog molecule, as detected by a 
Promega ISOQUANT® kit; a TFPI or TFPI analog molecule that comprises a cysteine 
adduct, as determined by amino acid analysis; aggregated TFPI or TFPI analog 
molecules, as detected by size exclusion chromatography; and a misfolded TFPI or TFPI 
analog molecule, as detected by non-denaturing SDS-polyacrylamide gel electrophoresis. 

[09] Another embodiment of the invention provides a method of producing purified TFPI or 
TFPI analog. The method comprises the following steps: (1) expressing TFPI or TFPI 
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analog in a rifampicin-resistant E. coli host cell, (2) isolating inclusion bodies containing 
the TFPI or TFPI analog from the E. coli host cell, (3) isolating the TFPI or the TFPI 
analog from the inclusion bodies to obtain isolated TFPI or TFPI analog, (4) refolding the 
isolated TFPI or TFPI analog to form refolded TFPI or TFPI analog, (5) purifying the 
refolded TFPI or TFPI analog by SP-Sepharose fast flow chromatography in the presence 
of Mg** to form a first preparation of purified TFPI or TFPI analog, (6) concentrating the 
first preparation of purified TFPI or TFPI analog to form a first concentrated preparation 
of purified TFPI or TFPI analog, (7) purifying the first concentrated preparation of 
purified TFPI or TFPI analog by Q-Sepharose HP chromatography to form a second 
preparation of purified TFPI or TFPI analog, (8) purifying the second preparation of 
purified TFPI or TFPI analog by butyl HIC chromatography to form a third preparation 
of purified TFPI or TFPI analog, (9) purifying the third preparation of purified TFPI or 
TFPI analog by SP-Sepharose HP chromatography to form a fourth preparation of 
purified TFPI or TFPI analog, and (10) concentrating the fourth preparation of purified 
TFPI or TFPI analog to form a second concentrated preparation of purified TFPI or TFPI 
analog molecules, wherein less than about 12% of the TFPI or TFPI analog molecules are 
modified species. The TFPI or TFPI analog is encoded on a plasmid comprising the 
following elements: (a) a transcription promoter; (b) a ribosome binding site adjacent to 
the transcription promoter; (c) a nucleotide coding sequence that encodes the TFPI or the 
TFPI analog adjacent to the ribosome binding site; (d) a transcription terminator adjacent 
to the nucleotide coding sequence; (e) a replicon; (f) an antibiotic resistance gene; and (g) 
a gene encoding an N-terminal methionine-removing enzyme. 

[10] Another embodiment of the invention is a method of producing purified TFPI or TFPI 
analog. The method comprises the following steps: (1) purifying the refolded TFPI or 
TFPI analog by SP-Sepharose fast flow chromatography to form a first preparation of 
purified TFPI or TFPI analog, (2) concentrating the first preparation of purified TFPI or 
TFPI analog to form a first concentrated preparation of purified TFPI or TFPI analog, (3) 
purifying the first concentrated preparation of purified TFPI or TFPI analog by Q- 
Sepharose HP chromatography to form a second preparation of purified TFPI or TFPI 
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analog, (4) purifying the second preparation of purified TFPI or TFPI analog by butyl 
HIC chromatography to form a third preparation of purified TFPI or TFPI analog, (5) 
purifying the third preparation of purified TFPI or TFPI analog by SP-Sepharose HP 
chromatography to form a fourth preparation of purified TFPI or TFPI analog, and (6) 
concentrating the fourth preparation of purified TFPI or TFPI analog to form a second 
concentrated preparation of purified TFPI or TFPI analog molecules, wherein less than 
about 12% of the TFPI or TFPI analog molecules are modified species. 

[11] Yet another embodiment of the invention is a method of expressing TFPI or TFPI analog, 
comprising culturing a rifampicin-resistant E. coli host cell in a fermentation medium. 
The E. coli host cell comprises a plasmid having the following elements: (a) a 
transcription promoter; (b) a ribosome binding site adjacent to the reclac transcription 
promoter; (c) a nucleotide coding sequence that encodes TFPI or TFPI analog adjacent to 
the ribosome binding site; (d) a transcription terminator adjacent to the nucleotide coding 
sequence; (e) a replicon; (f) an antibiotic resistance gene; and (g) a gene encoding an N- 
terminal methionine-removing enzyme. One liter of the fermentation medium comprises 
41 g dextrose, 2.5 g (NH 4 ) 2 S0 4 , 4.0 g sodium polyphosphate, 7.0 g K 2 S0 4 , 1.63 g 
MgS0 4 7H 2 0, 2.0 g methionine, 2.0 g glycerol, 0.5 mg H 3 B0 4 , 0.5 g cobalt chloride, 0.13 
g CuS0 4 6H 2 0, 54.0 g FeCl 3 6H 2 0, 11.0 g MnS0 4 H 2 0, 0.5 g Na 2 Mo0 4 2H 2 0, 0.02 
NaSe0 3 , 22.0 g ZnS0 4 7H 2 0, 0.01 ml concentrated H 2 S0 4 , and 0.55 ml UCON antifoam. 

[12] Still another embodiment of the invention is a pharmaceutical composition comprising a 
plurality of ala-TFPI molecules and 20 mM sodium citrate, 300 mM L-arginine, and 5 
mM methionine, pH 5.5. Less than about 12% of the ala-TFPI molecules are modified 
species. The modified species include one or more of the following: an oxidized ala- 
TFPI molecule, as detected by reverse phase chromatography; a carbamylated ala-TFPI 
molecule, as detected by cation exchange chromatography; a deamidated ala-TFPI 
molecule, as detected by a Promega ISOQUANT® kit; an ala-TFPI molecule that 
comprises a cysteine adduct, as determined by amino acid analysis; aggregated ala-TFPI 
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molecules, as detected by size exclusion chromatography; and a misfolded ala-TFPI 
molecule, as detected by non-denaturing SDS-polyacrylamide gel electrophoresis. 

BRIEF DESCRIPTION OF THE FIGURES 

[13] FIG. 1. Map of plasmid pMON37621. 

[14] FIG. 2. Comparison of two lots of recombinant ala-TFPI (rTFPI) preparations by cation 
exchange chromatography (CEX HPLC). Ten \ig of sample were applied to a Pharmacia 
Mono S 5/5 cation exchange column and separated using a linear 0.2 -0.85 M ammonium 
chloride gradient in 30% acetonitrile and 0.02 M sodium acetate. The column eluent was 
monitored by UV absorbance at 214 nm. The top chromatogram is from lot PB5806 
(prepared according to Process C, defined below); the lower chromatogram is from lot 
MAECM014 (prepared according to methods described in Process B, defined below). 

[15] FIG. 3. Comparison of two lots of rTFPI preparations by size exclusion chromatography 
(SEC HPLC). Ten \ig of sample were applied to a BioRad Bio-Sil SEC 250-5 column 
and separated using an isocratic eluent containing 40% acetonitrile and 0.75% 
trifluoroacetic acid. The column eluent was monitored by UV absorbance at 280 nm. 
The upper chromatogram is from lot PB5806 (prepared according to Process C); the 
lower chromatogram is from lot NA0182 (prepared according to Process B). 

[16] FIG. 4. SDS PAGE of reduced and non-reduced rTFPI samples. Samples were analyzed 
using a 14% Tris-glycine gel and visualized using Coomassie staining. Approximately 3 
p-g of sample was applied to each lane. Electrophoresis of samples in lanes 1-6 was 
performed under reducing conditions; that of samples in lanes 8-12 was performed under 
non-reducing conditions. The samples were loaded as follows: lane 1, molecular weight 
standards; lanes 2 and 8, sample of lot NA0182 (prepared according to Process B, defined 
below); lanes 3 and 9, samples of lot MAECM014 (prepared according to Process B); 
and lanes 4 and 10, 5 and 11, and 6 and 12, samples of lots PB5666, PB5806, and 
PB6096, respectively (prepared according to Process C). 
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[17] FIG. 5. SDS PAGE using silver stain analysis. Samples were reduced with DTT and 
analyzed using a 14% Tris-glycine gel. Approximately 0.5 mg of rTFPI sample (prepared 
according to Process C) was applied to each lane. The samples included molecular 
weight standards (lane 1), sample from reference lot PB5806, prepared according to 
Process C) (lanes 2 and 3), 2 ng bovine serum albumin (66 KDa) and 0.25 ng carbonic 
anhydrase (31 KDa) (lane 4), 5 ng bovine serum albumin (66 KDa) and 0.25 ng carbonic 
anhydrase (31 KDa) (lane 5), and triplicate samples from lot PB6636 (lanes 6-8) and 
from lot PB6770 (lanes 9-11) (prepared according to Process C). Lane 12 is blank. 

[18] FIG. 6. Deconvoluted electrospray mass spectra showing intact protein molecular 
masses. FIG. 6A, rTFPI lot MAECM014 (prepared according to Process B). FIG. 6B, 
rTFPI lot PB5806 (prepared according to Process C). The observed masses of major 
component are consistent with the theoretical molecular mass 32,004 Da. 

[19] FIG. 7. UV chromatograms recorded during LC-MS analysis of non-reduced Asp-N 
peptides. Non-reduced samples from lots MAECM014 (FIG. 7A) and PB5806 (FIG. 7B) 
were subjected to Asp-N digestion and LC-MS analysis. The molecular masses of the 
identified peaks are shown in Table 8. 

[20] FIG. 8. UV chromatograms recorded during LC-MS analysis of non-reduced Asp- 
NpPeptides. A non-reduced sample from lot PCI 058 was subjected to Asp-N digestion 
and LC-MS analysis. 

[21] FIG. 9. UV chromatograms recorded during LC-MS analysis of RCM tryptic peptides. 
FIG. 9A, rTFPI lot MAECM014. FIG. 9B 3 rTFPI lot PB5806. 

[22] FIG. 1 0. Amino acid sequence of rTFPI depicting the three Kunitz regions and predicted 
disulfide bonds. Arrows indicate the cleavage sites resulting from digestion of rTFPI 
prepared according to Process C with Asp-N under non-denaturing conditions. Cleavage 
was observed at Asp-N sites indicated by solid arrows between the Kunitz regions, 
resulting in seven major peptides. Cleavage in the Kunitz regions, indicated by dashed 
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arrows, resulted in peptides that were held together by the disulfide bonds. The addition 
of a water molecule at the cleavage sites in the internally cleaved peptides resulted in 
molecular masses that were 18 Da higher than the predicted non-cleaved peptides. The 
specific sites of internal cleavage, shown by dashed arrows, are based on previous work. 
The Asp-N peptides observed are consistent with the predicted secondary/tertiary 
structure of rTFPI. 

[23] FIG. 1 1. CN HPLC of rTFPI drug substance. FIG. 1 1 A, materials prepared according to 
Process B. FIG. 1 IB, materials prepared according to Process C. Ten \ig samples were 
applied to a Zorbax 300SB-CN column and separated using a gradient containing 
acetonitrile and 0.2% trifluoroacetic acid. The column eluent was monitored by UV 
absorbance at 214 nm. The minor peaks are rTFPI containing an oxidized methionine 
residue (1), rTFPI containing a norvaline for leucine substitution (2) and rTFPI 
containing an acetylated or carbamylated residue (3). 

[24] FIG. 12. Partial UV chromatogram of RCM tryptic peptides from lot PB5806. FIG. 12A, 
solid arrows indicate norvaline-containing peptides, dashed arrow indicates 
corresponding normal peptide T(88-108). FIG. 12B, SIM Chromatogram for Peptide 
T(88-108) m/z 1293.6. FIG. 12C, SIM Chromatogram for Peptide T(88-108) with 
norvaline misincorporation m/z 1286.6 where nV90 and nVlOO correspond to norvaline 
at residue positions 90 and 100, respectively. 

[25] FIG. 13. In-process assay of SP-Sepharose HP samples using CEX-HPLC. Top sample 
represents the column load and the bottom sample represents the column pool after 
performing chromatography using SP-Sepharose FF. 

[26] FIG. 14. UV chromatograms recorded during slow gradient reversed phase LC-MS 
analysis. FIG. 14A, lot MAECM014. FIG. 14B, lot PB5806. FIG. 14C, lot PB6096. 
FIG. 14D, lot PB6770. The shaded lines indicate the regions of the UV chromatograms 
that were characterized by deconvolved mass spectra. The early eluting region was 
identified as rTFPI containing methionine sulfoxide in approximately equal proportions 
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in materials prepared according to Process B and those prepared according to Process C. 
The late eluting region was identified as rTFPI containing acetylated residues in materials 
prepared according to Process B. 

[27] FIG. 15. Nucleotide sequence of the expression cassette in pMON9197 (the upper 
nucleotide sequence is shown in SEQ ID NO:43). This sequence includes the 
transcription promoter, the ribosome binding site, the ala-TFPI gene with reduced 
translation initiation at both Met39 and Met75, and the transcription terminator. The 
nucleotides above the line are those present in pMON6875 or pMON6655 at those 
positions. The substitutions were made to reduce internal translation initiations, and they 
do not affect the sequence of the ala-TFPI protein encoded. The nucleotides above the 
line near the translation termination codons are present in pMON6655 in that region. The 
stop codon used in pMON6655 is TAG. The symbols AAA following the TAG represent a 
deletion of 64 nucleotides which includes one recognition site for Cla\ and EcoRl. The 
sequence in pMON6655 following the Hindlll site is identical to that in pMON9197 
(except for the insertion of the MAP gene into pMON9197). 

[28] FIG. 16. Kaplan-Meier survival plots. X-axis, survival; Y-axis, time (hours). 

DETAILED DESCRIPTION OF THE INVENTION 

[29] The invention provides an improved method of purifying TFPI or a TFPI analog (defined 
below). The purification method is capable of producing preparations of TFPI or TFPI 
analog molecules in which less than about 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, or 0.5% of 
the preparation consists of "modified species." "Modified species" are oxidized, 
carbamylated, deamidated, acetylated, aggregated, or misfolded TFPI or TFPI analogs. 

[30] The method is particularly suitable for preparing large-scale preparations of purified 
TFPI or TFPI analog, e.g., 200-300 g, 500 g, 400-600 g, 750 g, 600-900 g, 800 g, 800- 
1 ,200 g, 1 .2 kg, or 2.4 kg of purified TFPI or TFPI analog as defined below. 
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TFPIor TFPI analog 

[31] "TFPI" is non-glycosylated TFPI having the amino acid sequence shown in SEQ ID 
NO:l. "TFPI analogs" have a different primary amino acid structure than TFPI as shown 
in SEQ ID NO:l (i.e., one or more amino acid substitutions, insertions, deletions, and/or 
additions) while retaining one or more of the biological activities of TFPI as discussed 
below. TFPI analogs have at least about 70%, preferably at least about 80%, more 
preferably at least about 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% amino acid sequence 
identity to the amino acid sequence of TFPI (SEQ ID NO:l). TFPI analogs include 
muteins, chimeric molecules, and fragments of TFPI. Any of these molecules may have 
one or more substitutions of norleucine for methionine or norvaline for leucine. 

[32] Percent homology between a TFPI analog and the amino acid sequence of TFPI (SEQ ID 
NO:l) is determined using the Blast2 alignment program (Blosum62, Expect 10, standard 
genetic codes, open gap 11, extension gap 1, gap x__dropoff 50, and low complexity filter 
off). Conservative substitutions, in which an amino acid is exchanged for another having 
similar properties, are preferred. Examples of conservative substitutions include, but are 
not limited to, Gly<->Ala, Val«->Ile<-*Leu, Asp«-»Glu, Lys<->Arg, Asn<->Gln, and 
Phe<->Trp<->Tyr. Conservative amino acid substitutions typically fall in the range of 
about 1 to 5 amino acids (i.e. 9 1, 2, 3, 4, or 5 amino acids). Additional amino acids can be 
added at any position in the molecule, particularly at the amino- or carboxy terminus. 
Amino acid additions can be 1, 2, 5, 10, 25, 100, or more additional amino acids. Fusion 
proteins are encompassed within the definition of analogs. Obviously, any alterations 
made in the DNA encoding a TFPI analog must not place the sequence out of reading 
frame and preferably will not create complementary regions that could produce 
secondary mRNA structure. Guidance in determining which amino acid residues can be 
substituted, inserted, or deleted without abolishing biological or immunological activity 
can be found using computer programs well known in the art, such as DNASTAR 
software, or in Dayhoff et al (1978) in Atlas of Protein Sequence and Structure (Natl. 
Biomed. Res. Found., Washington, D.C.). 
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[33] A preferred TFPI analog is N-L-alanyl-TFPI ("ala-TFPI"), which has an additional 
alanine residue at the amino terminal end of SEQ ID NO: 1 . 

[34] Analogs include "TFPI muteins" having 1-5 conservative amino acid substitutions 
relative to SEQ ID NO:l. Preferred muteins have substitutions that do not substantially 
change the conformation of the molecule. In some cases, TFPI muteins (1) have amino 
acid substitutions that eliminate one or more of the three sites for N-linked glycosylation, 
(2) have 1-5 amino acid substitutions that change a residue of TFPI (SEQ ID NOil) to a 
corresponding residue of TFPI-2, (3) have amino acid substitutions in Pi reactive sites in 
one or more Kunitz-type domains, or (4) have amino acid substitutions at positions within 
5 amino acids of the Pi reactive sites in one or more Kunitz-type domains. In one TFPI 
mutein, the lysine residue in the Pi reactive site of the first Kunitz-type domain of TFPI 
(SEQ ID NO:l) is replaced with arginine. 

[35] "Chimeric TFPI" molecules containing various portions of TFPI (SEQ ID NO:l) are 
described in U.S. Patent 5,589,359. 

[36] Fragments are TFPI analogs that consist of portions of TFPI (SEQ ID NO: 1). A fragment 
can be, for example, 20, 25, 30, 50, 100, 150, 200, 250, or 275 consecutive amino acids 
in length. Examples of fragments include Kunitz domains 1, 2, or 3; Kunitz domains 1 
and 2 or 2 and 3; and deletions of the N-terminus, C-terminus, or both. Substantial 
guidance for making such analogs is found in U.S. 5,106,833. 

Biological Activity of TFPI r TFPI Analogs, or Modified TFPI or TFPI Analogs 

[37] Biological activities of TFPI or modified TFPI (as defined below) include binding to and 
inhibiting the amidolytic activity of both factor VIIa/TF complex and factor Xa and 
anticoagulant activity, as measured in a prothrombin time (PT) assay. TFPI analogs, 
including modified TFPI analogs as defined below, preferably can bind either or both of 
the factor VIIa/TF complex and factor Xa. TFPI analogs, including modified TFPI 
analogs, preferably possess a substantial amount of anticoagulant activity, for example 
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10%, 30%, 50%, 60%, 80%, 90% or more of the anticoagulant activity of TFPI (SEQ ID 
NO:l) as measured in the PT assay described below. 

Purified TFPI or TFPI Analog Preparations 

[38] Purified TFPI or TFPI analog preparations of the invention contain TFPI or TFPI analog 
molecules of which less than about 12% are modified species as detected by one or more 
of the assays described below. "Modified TFPI or TFPI analog species" are molecules 
with one or more of the following post-translational modifications: oxidation (oxidized 
methionine residues), cysteine adducts, amino acid modifications (residual N-terminal 
methionine, deamidation, acetylation, and carbamylation), aggregation (forming TFPI or 
TFPI analog oligomers), and misfolding. 

[39] Preferably, less than about 9, 8, 7, 6, 5, 4, 3, 2, or 1% of the TFPI or TFPI analog 
molecules in a purified preparation of the invention are oxidized, as detected by reversed 
phase chromatography (CN HPLC, described below). Preferably less than about 3, 2, 1, 
0.5, 0.25, or 0.13% of the TFPI or TFPI analog molecules in a purified preparation of the 
invention are carbamylated, as detected by cation exchange chromatography (CEX 
HPLC, described below). In still other purified preparations, less than about 9, 8, 7, 6, 5, 
4, 3, 2, 1, or 0.5% of the TFPI or TFPI analog molecules in a purified TFPI or TFPI 
analog preparation are deamidated as measured using a Promega ISOQUANT® kit. 
Preferably, less than about 2, 1, 0.5, 0.25, or 0.13% of the TFPI or TFPI analog molecules 
in a purified preparation of the invention have cysteine adducts as determined by amino 
acid analysis. In other preferred TFPI or TFPI analog preparations, less than about 3, 2, 1, 
0.5, 0.25, or 0.13% of the TFPI or TFPI analog molecules are aggregated, as detected by 
size exclusion chromatograph (SEC HPLC) or are misfolded, as detected by SDS 
polyacrylamide gel electrophoresis (SDS-PAGE) under non-reducing conditions (as 
described below). 

[40] Preferably, purified TFPI or TFPI analog preparations do not contain levels of acetylated 
TFPI or TFPI analog species detectable by mass spectroscopy (as described below). 
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Purified preparations of the invention also preferably are substantially free of E. coli 
proteins, i.e., less than 2 ng/mg of the protein in a purified TFPI or TFPI analog 
preparation detectable on a silver-stained SDS polyacrylamide gel is E. coli protein. 

[41] Other preferred purified TFPI or TFPI analog preparations contain less than about 4% 
oxidized TFPI or TFPI analog species, less than about 1% carbamylated TFPI or TFPI 
analog species, less than about 5% deamidated TFPI or TFPI analog species, and less 
than about 3% aggregated and/or misfolded TFPI or TFPI analog species. 

[42] Any of the purified TFPI preparations of the invention can contain one or more 
substitutions of norleucine for methionine or norvaline for leucine. 

Assays 

[43] The assays described below are used to determine purity, stability, or biological activity 
of TFPI or TFPI analog preparations. 

Purity by Reversed Phase Chromatography (CNHPLC) 

[44] A reversed phase high performance liquid chromatography method (CN HPLC) is used to 
detect modified TFPI or TFPI analog species, i.e., TFPI or TFPI analog molecules with 
modifications such as oxidized methionine residues, and amino acid modifications such 
as residual N-terminal methionine, carbamylation, deamidation, and acetylation. CN 
HPLC also can detect TFPI or TFPI analog species having substitutions of norleucine for 
methionine; as noted above, however, such species are not "modified TFPI or TFPI 
analog species" and can be present in purified preparations of the invention. 

[45] The CN HPLC method uses a stable bonded, cyano-reverse phased column and mobile 
phase containing acetonitrile and 0.2% trifluoroacetic acid. Elution is monitored for 
protein by detecting absorbance at 214 nm. Sample results are compared to a reference 
standard. Purity is assessed by area percent of the main peak. 
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[46] As measured by CN HPLC, less than about 9, 8, 7, 6, 5, 4, 3, 2, or 1% of the TFPI or 
TFPI analog molecules in a purified TFPI or TFPI analog preparation have an oxidized 
methionine residue. 

Quantitation of free cysteine by amino acid analysis 

[47] Any method of amino acid analysis that permits quantitation of free cysteine can be used 
to quantitate TFPI or TFPI analog molecules that have a cysteine adduct. For example, 
see the methods disclosed in Barkholt & Jensen, Anal Biochem. 1989 Mar;177(2):318- 
22; Hoogerheide & Campbell, Anal Biochem. 1992 Feb 14;201(1):146-51; Atherton et 
al, Anal Biochem. 1993 Jul;212(l):98-105; Hale et al, Anal Biochem. 1994 
Jan;216(l):61-6; Manneberg et al., Anal Biochem. 1995 Nov l;231(2):349-53; 
Thannhauser et al, J Protein Chem. 1998 Jan;17(l):37-43; Yan et a/., J Chromatogr A. 
1998 Jul 10;813(l):187-200; U.S. Patent 4,670,403; and U.S. Patent 4,784,962. 
Typically, free cysteine released after reducing TFPI or TFPI analog molecules is 
quantitated. 

[48] As determined by amino acid analysis, less than about 2, 1, 0.5, 0.25, or 0.13% of the 
TFPI or TFPI analog molecules in a purified preparation of the invention have a cysteine 
adduct; most preferably, purified TFPI or TFPI analog preparations contain no detectable 
levels of cysteine adducts. 

Deamidation assay 

[49] The Promega ISOQUANT® kit (Promega Technical Bulletin No. TBI001 (ISOQUANT® 
Isoaspartate Detection Kit, revision 8/99) or its equivalent is used to determine TFPI or 
TFPI analog deamidation through the indirect measurement of isoaspartic acid. Briefly, 
the kit employs Protein Isoaspartyl Methyl Transferase (PIMT) which catalyzes the 
transfer of a methyl group from S-adenosyl-L-methionine (SAM) to isoaspartic acid. 
This reaction generates the byproduct S-adenosyl-homocysteine (SAH) that is 
subsequently analyzed by RP-HPLC (Carlson & Riggin, Analytical Biochemistry 278, 
150-55, 2000) in order to quantitate the level of protein deamidation. 
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[50] As measured by this assay, less than about 9, 8, 7, 6, 5, 4, 3, 2, 1, or 0.5% of the TFPI or 
TFPI analog molecules in a purified TFPI or TFPI analog preparation are deamidated. 

Size Exclusion Chromatography (SEC HPLC) 

[51] Size exclusion chromatography (SEC HPLC) is used to detect TFPI or TFPI analog 
monomers from TFPI or TFPI analog oligomers (z.e., aggregated forms). The method 
uses a BioRad Bio-Sil SEC 250-5 and a mobile phase containing 40% acetonitrile and 
0.75% trifluoroacetic acid. The elution is monitored for protein by absorbance at 214 
nm. Monomers and oligomers are resolved based on their hydrodynamic radius. Purity 
is assessed by area percent. 

[52] Two methods of size exclusion chromatography can be used detect aggregated forms of 
TFPI or TFPI analogs. One method uses a 40% ACN, 0.75% TFA, 50 mM MgCl 2 buffer 
as the eluent and a UV detector set to 220 nm. The other method uses a formulation 
buffer (300 mM L-arginine, 20 mM sodium citrate, pH 5.5) as the eluent and a 
fluorescence detector set for excitation at 280 nm and emission at 320 nm; mass balance 
across the SEC column with this system is 85%. 

[53] As measured by SEC HPLC, less than about 3, 2, 1, 0.5, 0.25, or 0.13% of the TFPI or 
TFPI analog molecules in a purified TFPI or TFPI analog preparation are aggregated. 

SDS-PAGE (Coomassie Blue staining, non-reduced) 

[54] Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) carried out 
under non-reducing conditions and with Coomassie Blue staining is used to detect 
misfolded TFPI or TFPI analog species. The method uses a 14% acrylamide gel and 
colloidal Coomassie staining. The reduced and non-reduced samples are compared to 
reference standard. Under non-reduced conditions, misfolded forms of TFPI or TFPI 
analog have a slightly greater electrophoretic mobility than TFPI or TFPI analog, 
whereas under reducing conditions there is no difference in the electrophoretic mobility. 
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The results are compared to a reference standard to determine the percent of aggregated 
and/or misfolded species in a purified preparation. 

[55] As measured by SDS PAGE, less than about 3, 2, 1, 0.5, 0.25, or 0.13% of the TFPI or 
TFPI analog molecules in a purified preparation of the invention are misfolded. 

SDS-PAGE (silver stain) 

[56] SDS PAGE carried out under denaturing conditions and using silver staining is used to 
identify E. coli proteins that were not removed during the purification process. The 
samples are reduced prior to application to a 14% acrylamide gel. Sample results are 
compared to a reference standard. 

[57] Purified TFPI or TFPI analog preparations are substantially free of E. coli proteins, i.e., 
less than 2 ng/mg of the protein in a purified preparation of the invention detectable on a 
silver-stained SDS polyacrylamide gel is E. coli protein. 

CEXHPLC 

[58] Cation exchange chromatography (CEX HPLC) is used to detect the presence of 
carbamylated or charge-related TFPI or TFPI analog species. The CEX-HPLC method 
uses a Pharmacia Mono-S HR 5/5-glass column. The column is equilibrated in 80% 
buffer A (20 mM sodium acetate trihydrate:acetonitrile solution (70:30 v/v) at pH 5.4) 
and 20% buffer B (20 mM sodium acetate trihydrate-1.0 M ammonium chloride- 
acetonitrile solution (70:30 v/v) at pH 5.4). After a sample is injected, a gradient is 
applied to elute the TFPI at a flow rate of 0.7 ml/min from 20% buffer B to 85% buffer B 
in 21 minutes. Protein peaks are detected by absorbance at 280 nm or fluorescence using 
an excitation 280 nm and emission 320 nm. 

[59] As measured by CEX HPLC, less than about 3, 2, 1, 0.5, 0.25, or 0.13% of the TFPI or 
TFPI analog molecules in a purified preparation of the invention are carbamylated. 
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Mass Spectroscopy 

[60] Mass spectroscopy methods are described in the specific examples, below. Purified TFPI 
preparations of the invention preferably do not contain detectable levels of acetylated 
TFPI species as assayed by mass spectroscopy. 

Prothrombin Time Assay 

[61] The PT assay is performed on a Coag-A-Mate MTX II instrument (Organon Teknika). 
TFPI or TFPI analog samples are first diluted to 1 50 |Lig/ml with buffer (2 M urea, 20 mM 
sodium phosphate, 250 mM NaCl, pH 7.2), then to 30 (ig/ml with TBSA buffer (50 mM 
Tris, 100 mM NaCl, 1 mg/ml bovine serum albumin, pH 7.5) and finally to 12 to 15 
)iig/ml by TBSA buffer. For assay, 10 jixl of diluted sample is first mixed with 90 |il of 
pooled Verify I (Organon Teknika, Cat. No. 59566), loaded on a test tray (Organon 
Teknika, Cat. No. 35014), and placed into the Coag-A-Mate. Then 200 |il of Simplastin 
Excel (Organon Teknika, Cat. No. 52001) is added to initiate the clotting process. The 
clotting time is converted to the input TFPI or TFPI analog concentration by comparing 
with a standard plot of the log of the clotting time in seconds versus the log of the TFPI 
or TFPI analog concentration in the standards. Relative potency is calculated by 
comparing the inhibitory activity of TFPI or TFPI analog in the test samples to the 
inhibitory activity of the TFPI or TFPI analog control. 

Overview of purification procedure 

[62] The purification method of the invention ("Process C") generally involves the following 
steps: (1) expression of TFPI or TFPI analog in E. coli, (2) isolation of refractile bodies, 
(3) dissolution of the refractile bodies and refolding of the expressed TFPI or TFPI 
analog, (4) SP-Sepharose fast flow (FF) chromatography, (5) a first concentration and 
diafiltration step, (6) Q-Sepharose high (HP) performance chromatography, (7) butyl 
hydrophobic interaction chromatography (HIC), (8) SP-Sepharose HP chromatography, 
and (9) a second concentration/diafiltration step. Optionally, a concentration/diafiltration 
step can be included between the butyl HIC and SP-Sepharose HP chromatography step. 
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[63] The purification method of the invention produces preparations of TFPI or TFPI analog 
molecules that contain fewer modified TFPI or TFPI analog species than previous 
purification methods described in Gustafson et al> Protein Expression and Purification 5, 
233-41 , 1994; WO 96/40784; U.S. Patent 6,319,896; and U.S. Patent 6,323,326 ("Process 
B"). 

[64] The purification of TFPI or TFPI analog is largely achieved after the folding step by a 
sequence of chromatography operations. Aside from the SP sepharose capture column, 
which uses a step elution, the remaining chromatography steps all use fraction collection 
and analysis to determine which fractions should be pooled. From a practical 
manufacturing perspective, fractions should meet certain minimum requirements for 
pooling. However if desired, an increased level in purity can be obtained if only the peak 
fractions are collected and carried through the subsequent chromatography operation. By 
removing these modified forms of TFPI, this purification method is capable of producing 
preparations of TFPI or TFPI analog molecules in which less than about 12, 1 1, 10, 9, 8, 
7, 6, 5, 4, 3, 2, 1, or 0.5% of the preparation consists of modified species. 

[65] Table 1 compares the purity of recombinant ala-TFPI produced using Process B and 
using the method of the invention. In addition, the expression system, fermentation 
control strategy, and refractile body isolation procedures described below result in a 
greater than five- fold increase in the amount of TFPI or TFPI analog produced compared 
with the previous production methods. 
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Table 1. 



Characteristic 


Process B 


Process C 




22 Lots 


6 Lots 


PT Activity, % control 


97-122 


103-111 


purity by SDS PAGE 
vreauceaj, to 


>98% 


>98 


punty oy CcA rir LU, yo 


>y / 


>yy 


punty Dy oHL, ririA^, yo 


>yo 


>9o 


punty oy i^jn ririA^, to 


75% 




laeniuy oy no-ivio 






noneucine, yo 


4<f\ £0/ 


10/ 


^-tfrmin^l rnf^tViiri'nirif* 0/* 

IN Id 11 111 lal lllCllllL/lllllC, /0 


/o 


/o 


cysteine adduct, % 


1% 


not detected 


norvaline, % 3 


<0.2% 


2-3% 


acetylation observed 


Yes 


No 


carbamylation observed 


Yes 


Yes 


methionine oxidation 


Yes 


Yes 



Values expressed as % monomer (SDS PAGE) or main peak (HPLC). 
Expressed as % norleucine substitution per mole of methionine. 
Expressed as % norvaline substitution per mole of leucine. 

[66] Certain aspects of this procedure, such as the butyl HIC step, use of the DTPA chelator 
during cell harvesting, SP-Sepharose fast flow chromatography (particularly in the 
presence of Mg**), and improved fermentation methods, are generally suitable for 
proteins other than TFPI or TFPI analogs. 

[67] A preferred embodiment of this purification method suitable for commercial scale 
production of TFPI or TFPI analogs is described below. 
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Expression ofTFPIor TFPI Analogs 

TFPI or TFPI analog coding sequences 

[68] The wild-type amino acid sequence of TFPI is shown in SEQ ID NO:l. Any nucleotide 
sequence that encodes TFPI or TFPI analog as defined above can be used to encode the 
TFPI or TFPI analog to be expressed. A preferred coding sequence for ala-TFPI is 
shown in FIG. 15. 

Production ofTFPIor TFPI analogs 

[69] Recombinant TFPI or TFPI analogs can be produced in any suitable host cell, such as a 
yeast or a mammalian host cell (e.g., CHO, HepG2, Chang liver, or SK hepatoma cells), 
as is well known in the art. See, e.g., U.S. Patents 5,212,091, 6,103,500, and 6,323,326. 
Such recombinantly produced TFPI or TFPI analogs can be purified using methods of the 
invention as described below. 

E. coli Host Cell 

[70] TFPI or TFPI analogs preferably are produced in an E. coli host cell. The preferred 
E. coli strain used for the production of TFPI is designated "MON210," which was 
deposited at the American Type Culture Collection (ATCC), P.O. Box 1549, Manassas, 
VA 20108, USA on October 8, 2003 (Accession No. PTA-5564) under the provisions of 
the Budapest Treaty. MON210 was generated from the wild type E. coli strain W31 10 
(Bachman, Bacteriological Reviews 36, 525-57, 1996) through a multi-step process 
involving the sequence W31 10 -> MON105 -> LBB358 -> MON210. 

[71] E. coli strain MON210 was generated from strain LBB358 via several steps. The recA56 
mutation was introduced into strain LBB358 by PI transduction (Csonka and Clark, J. 
Bacteriol. 143, 529-530, 1980) to reduce concatemerization of the production plasmid, 
resulting in strain LBB358recA". The tetracycline resistance gene residing in TnlO was 
then eliminated from LBB358recA" by fusaric acid selection, producing strain 
LBB358recA" T10. To select for spontaneously occurring altered rates of transcription 
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elongation associated with rifampicin resistance, plasmid pMON26335rop + was 
introduced into strain LBB358recA" T10 to produce strain LBB358recA~ 
T10/pMON26335rop + . One rifampicin resistant strain that demonstrated increased levels 
of TFPI production was selected and then cured of plasmid pMON26335rop + . The 
resulting culture was designated MON210. 

Plasmid 

Plasmids to be used for expressing TFPI or TFPI analog in an E. coli host cell have the 
following genetic elements: a transcription promoter, a ribosome binding site, a TFPI or 
TFPI analog coding sequence, a transcription terminator, a replicon, an antibiotic 
resistance gene, and an enzyme that removes an N-terminal methionine. Particular 
preferred elements are shown in Table 2. 



-20- 



Table 2. 



Opnptir plprtipnt 

VJCUvllV vlvlllvlll 


Pi*pfpi*T*pH plpmpnt 

X I Clvl I vU C1C1I1CI11 


Transcription 
Promoter 


reclac (U.S. Patent 5,212,091), a synthetic promoter composed of 
the recA promoter with two base changes positioned upstream of 

fhp lap rvnprfltnr Tr?inQPri"ntinn n'ToptiPc nnHpr tVip pnniml of rpolar* 

promoter can be induced by the addition of IPTG to the culture. ] 


Ribosome Binding 
Site 


ribosome-binding site (RBS) from gene 10 of bacteriophage T7 
fOlins ptal GpyipII 277-1 S IQRRi 


TFPI or TFPI 
analog coding 

SCUUCilvC 


see FIG. 15 j 


Transcription 
Terminator 


canonical transcription terminator designated 2254 
(AGCGTCGACA CTCCCGTTCT GGATAATGTT; SEQ ID 

NO-47- cppTTQ SptiaI Nn 00/044 160 1 


Replicon 


origin of replication (ori) from pBR322 (Covarrubias et a/., 1981) 
and rop, the copy number control gene from pBR322 (Polisky, 
Cell 55, 929-32, 1988). 


Antibiotic 
Resistance Gene 


streptomycin adenyltransferase gene, which encodes a protein that 
confers resistance to streptomycin and spectinomycin (Fling et al, 
Nucl. Acid. Res. 13, 7095, 1985). " j 


N-terminal 
methionine- 
removing enzyme 


gene encoding E. coli methionine aminopeptidase (MAP) (Ben- 
Bassat et al, 1 Bacteriol 169, 751-57, 1987) 



[73] The plasmid "pMON37621" contains each of the preferred elements. The plasmid map 
of pMON37621 is shown in Figure 1. The plasmid contains an optimized structural gene 
encoding ala-TFPI and the regulatory elements useful for high level production of 
proteins in E. coll The pMON37621 plasmid was generated from pMON9197 without 
alteration of the ala-TFPI coding region. 

Construction ofpMON37621 

[74] Plasmid pMON37621 was constructed starting with plasmid pMON9197. pMON9197 
contained the optimized gene encoding ala-TFPI as well as the gene 10 ribosome binding 
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site (Olins et aL, Gene 73, 227-35, 1988), the spectinomycin resistance gene (Fling et ah, 
Nucleic Acid Research 73, 7095, 1985), the MAP gene (Ben-Bassat, Bacteriol 169, 
751-57, 1987), and the pBR327 origin of replication (Bolivar, Gene 2, 95-113, 1977). 
The reclac promoter (see U.S. Patent 5,212,091) was inserted into pMON9197 to replace 
the original tac promoter to yield plasmid pMON26335. 

[75] The reclac promoter (U.S. Patent 5,212,091) is used to direct transcription of the ala- 
TFPI gene. The ribosome binding site is derived from gene 10 of bacteriophage T7. The 
transcription terminator is based on a canonical terminator sequence and is designated 
2254. The origin of replication is from pBR322. To better control the copy number of 
the production plasmid, the rop gene from pBR322 (Polisky, Cell 55, 929-32, 1988) was 
inserted into pMON26335, which resulted in plasmid pMON26335rop + . The final step in 
the construction of pMON37621 was to substitute the transcription terminator designated 
2254 (SEQ ID NO:42; see SEQ ID NO:3 of US Serial No. 09/044,369) for the 
bacteriophage P22 terminator. Plasmid pMON37621 also carries the aminoglycoside 
nucleotidyltransferase gene which confers on the host resistance to streptomycin and 
spectinomycin, and the E. coli methionine amino peptidase (MAP) gene to enhance 
removal of N-terminal methionine. 

Preparation of the Production Strain MON210/pMON37621 

[76] The production strain MON210/pMON37621 is produced by transforming MON210 with 
pMON37621. Transformation can be accomplished by any means known in the art. 
Glycerol stocks of transformed MON210/pMON37621 can be prepared and used to 
establish Master and Working Cell Banks. 

Preparation of the Master and Working Cell Bank 

[77) Master and Working Cell Banks are prepared from production strains as follows. To 
prepare a Master Cell Bank, a frozen vial of parent MON210/pMON37621 cells is 
thawed and grown in a shake flask for approximately 9 generations in the defined 
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production seed medium with spectinomycin. Vials of cells with 10% glycerol can then 
be frozen and maintained at -70 °C Working Cell Banks can be prepared by thawing a 
master stock vial and growing the cells as described for the Master Cell Bank. 

Fermentation Conditions 

[78] The manufacturing fermentation process comprises three stages: (1) Seed 1 shake flask, 
(2) Seed 2 fermentor, and (3) 10,000 L production fermentor. The composition of the 
media used during the fermentation process are listed in Table 3. KOH and H 2 S0 4 are 
used to adjust the medium pH of the Seed 1 and Seed 2 media. NH4OH and H 2 S0 4 are 
used to adjust pH of Fermentor medium. NH4OH also is used to control pH during the 
fermentation. 

[79] USP purified water is used throughout the fermentation process. The selective antibiotic 
spectinomycin is used during the preparation of the Working Cell Bank and is not used 
during the inoculum preparation or fermentation process. 
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Table 3. Fermentation Media Composition and Concentration 





Concentration 


Component 


Seed 1 


Seed 2 
e/L 


e/L 


Dextrose 


4.0 


4.0 


41 2 


(NH 4 ) 2 S0 4 


2.5 


2.5 


2.5 


sodium polyphosphate 


6.5 


6.5 


4.0 


K 2 S0 4 


3.5 


3.5 


7.0 


MgS0 4 .7H 2 0 


1.23 


1.23 


1.63 


methionine 


NA 


NA 


2.0 


glycerol 


NA 


NA 


2.0 




















rnp/L 

try 


mp/I . 


mg/L 


H3BO4 


0.5 


0.5 


0.5 


C0CI2.6H2O 


0.5 


0.5 


0.5 


C11SO4.6H2O 


0.13 


0.13 


0.13 


FeCl 3 .6H 2 0 


54.0 


54.0 


54.0 


MnS0 4 .H 2 0 


11.0 


11.0 


11.0 


Na 2 Mo0 4 .2H 2 0 


0.5 


0.5 


0.5 


NaSe0 3 


0.02 


0.02 


0.02 i 


ZnS0 4 .7H 2 0 


22.0 


22.0 


22.0 | 










H 2 S0 4 (concentrated) 


0.01 mL/L 


0.01 mL/L 


0.01 mL/L 










UCON (antifoam) 3 


NA 


0.3 mL/L 


0.55 mL/L 



1 The initial volume in the fermentor is 6400 L. 

2 Actual glucose concentration at start is 34-42 g/L due to moisture content 
(<9%)ofCerelose. 

3 3.5 L of Ucon antifoam added at start. Additional antifoam (up to 12.5 L) may 
be added during the fermentation. 
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Seed 1- Shake Flask 



[80] The fermentation process begins by thawing a frozen vial of a Working Cell Bank. 
The contents of this vial (1 mL) is used to inoculate 0.5 L of seed 1 medium in a seed 
1 shake flask. The flask is incubated at 37 ± 2°C and mixed at 200 RPM. The culture 
is grown for approximately 9 generations until a cell density of 0.9-1.7 OD is 
reached. The Seed 1 culture is then transferred to the Seed 2 fermentor. 

Seed 2- 30 L Fermentor 

[81] The 30 L of Seed 2 medium is inoculated with the 0.5 L contents of the seed 1 
culture. The seed 2 medium is essentially the same as the Seed 1 medium, except for 
the addition of 0.1 mL/L Ucon antifoam. The Seed 2 fermentation preferably is 
carried out at a temperature of 37 + 2°C, with an air sparge of 6 + 2 LPM. The initial 
pH of the medium preferably is 7.2 + 0.2. 

[82] When the cells have grown approximately 6 generations to a density of 0.9-1.7 OD, 
the Seed 2 culture is transferred to the 10,000 L fermentor. 

1 0, 000 L Production Fermentor 

[83] The entire contents of the Seed 2 fermentor are transferred to the 10,000 L fermentor 
containing approximately 6,400 L of production medium. The production medium 
composition is shown in Table 3. The production fermentor is controlled for the 
following parameters. The temperature of the growth phase preferably is 37 ± 2°C. 
The temperature set point is changed from 37°C to 30°C approximately 0.5 hours 
before the induction of TFPI or TFPI analog expression, and the temperature of the 
expression phase preferably is 30 ± 2°C. pH is controlled by the addition of 
concentrated NH 4 OH and preferably is maintained at 6.9 ± 0.2. A temporary pH 
spike to approximately pH 7.4 ± 0.2 occurs when the initial supply of glucose is 
depleted and just prior to the start of the nutrient feed. Finally, dissolved oxygen 
(preferably 0.1-0.5 atm) is controlled by adjusting agitation rate, sparge rate, and the 
proportion of oxygen in the sparge gas. 
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[84] Cell growth in the 10,000 L production fermentation begins as a simple batch culture, 
using the glucose of the starting medium. Glucose is depleted when the cell density 
reaches approximately 40 OD, as indicated by a pH increase to 7.4 ±0.2. At that 
time, a glucose/nutrient feed is started. The nutrient feed contains 550 g/L glucose, 
18 g/L sodium polyphosphate, 6.65 g/L magnesium sulfate, and 4 g/L methionine. 
The nutrient feed rate is increased exponentially. 

[85] When the cell density reaches approximately 100 OD, the culture is induced to 
produce TFPI or TFPI analog by the addition of IPTG (e.g., 187 +/- 3 g of DPTG per 
fermentation, nominal volume = 9500 L) and the glucose/nutrient feed rate is reduced 
to limit the glucose level during the expression phase. The temperature set point is 
changed so that the culture reaches 30 ± 2°C within one hour after induction. The 
culture is harvested approximately 12 hours after induction. The TFPI or TFPI analog 
concentration at harvest is approximately 5 g/L TFPI as determined by SDS-PAGE 
analysis. 

Cell Harvest, Dissolution of Refractile Bodies, and Refolding of the Expressed TFPI 
Cell Harvest 

[86] For cell harvest, the fermentation broth is adjusted to pH 5.5-6 and the delivery of 
oxygen and glucose are discontinued. Agitation is reduced, and the broth temperature 
is decreased to 5-10°C. The chelator DTPA is added to a final concentration of 1 
mM. The DTPA addition is made using a stock solution that has been pH adjusted to 
5.5-6.0 with citric acid. The harvest culture is fed to a BTUX-510 centrifuge 
operated at a flow rate to minimize loss of solids in the supernatant. Solids containing 
the harvested cells are continually pumped to a tank until the fermentor is empty. 
Purified water is added to the collected cells to a volume of -10,000 liters, DTPA is 
added to a final concentration of 1 mM and processed through the BTUX-510 
centrifuge as previously described. This wash step is repeated a total of two times. 

Refractile Body (RB) Isolation 

[87] After the cell wash step, the recovery of refractile bodies (RB, also known as 
inclusion bodies) is started. Recovery comprises steps of repeated homogenization, 
centrifugation, and volume addition to the solids until they are essentially clean 
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refractile bodies free of host cell debris. The homogenizer is operated at a constant 
pressure of approximately 9000 psig, and a BTUX-510 centrifuge or the equivalent is 
operated at a flow rate to minimize loss of solids in the supernatant. 

Volume Reduction 

[88] During the first stage of the continuous centrifugation and volume addition process 
(diacentrifugation), the volume is reduced from approximately 5000 L to 2500 L. 
The supernatant from the centrifuge is discarded, and the solids are collected. The 
DTPA concentration for this and subsequent steps is 10 mM. 

Batch Diacentrifugation 1 

[89] The next step in the RB isolation process is a batch diacentrifugation. During this 
step, the crude RB slurry prepared in the previous step is repeatedly homogenized (in 
a continuous mode) and centrifuged (in a batch mode) until the final RB slurry is 
largely free of contaminating cell material. Typically, three batch steps using a 
BTUX-510 centrifuge or the equivalent are used to achieve the desired RB purity. 
The centrifugation parameters for batch diacentrifugation are the same as those 
indicated for volume reduction. 

Batch Diacentrifugation 2 

[90] At the end of the second batch diacentrifugation step, a sodium citrate buffer wash is 
used to remove undesired fermentation impurities such as nucleic acids and metals. 
At the end of this step, sodium citrate is added to a final concentration of 150 mM at a 
pH of approximately 5.5-6.0. 

Batch Diacentrifugation 3 

[91] An SC-35 centrifuge or its equivalent is used for a third batch diacentrifugation step. 
Batch diacentrifugation 3 starts with an RB slurry volume of approximately 2500 L. 
The supernatant is discarded, and the solids are collected separately. During this step, 
the volume of collected solids is minimized so that the final volume is not greater 
than 500 L before host cell inactivation. 
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Host Cell Inactivation 



[92] The RB slurry collected in the previous step contains residual recombinant bacterial 
cells (~10 3 -10 5 cells/ml). These viable cells are inactivated before the RB slurry can 
be dispensed into containers. Residual E. coli cells are inactivated by contact with 1- 
octanol (0.2% v/w for a slurry that contains approximately 50% solids) for 30 
minutes at 5- 10°C. 

RB Slurry Dispensing and Storage 

[93] After inactivation, the RB slurry ("RB intermediate") is dispensed into equal portions 
and frozen. For example, the inactivated RB slurry is conveniently frozen at < - 20°C 
in aliquots of 7.5 L each. 

Dissolution and Refolding 

[94] The refolding reaction described below can be completed in one day, even at a 
commercial scale of 10,000 L. The amount of TFPI or TFPI analog in the refolding 
step is 20,000 g. The concentration of TFPI or TFPI analog is 2 g/L during the 
refolding reaction. The refolding chemistry includes cystine-coupled and copper- 
catalyzed oxidation to form correct disulfide bonds. 

[95] Thawed RB intermediate is transferred into a tank containing 6 M urea, 2 g/L 
polyphosphate, 50 mM Tris, 50 mM glycine, pH 10, homogenized using a shear 
mixer, and reduced by the addition of a stock DTT solution. The reduced, 
homogenized RB solution is transferred into a folding tank which, after transfer, 
contains approximately 3.5 M urea, 50 mM Tris, 50 mM glycine, 2 g/L 
polyphosphate, and 1 mM DTT, pH 10.2. Folding is initiated by the addition of 0.2 
|iM cupric chloride and 0.6 mM cystine. After approximately 24 hr, 10 nM cupric 
chloride is added. After approximately 1 hour, magnesium chloride is added to a 
final concentration of 50 mM, and the pH of the folded pool is adjusted to 5.5 using a 
47.5% acetic acid solution. If desired, the adjusted folded pool can be held for 
approximately two days, which permits portions of the pool to be removed and 
processed in sublots through the next purification steps. 
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SP-Sepharose Fast Flow Chromatography 

[96] Cation exchange chromatography using SP-Sepharose FF resin is used for an initial 
capture step. The column load capacity is 40 g/L of total protein. The column is 
equilibrated with 20 mM sodium citrate, 3 M urea, pH 6. The adjusted folded pool is 
filtered through a depth filter and a 0.45 filter and applied to the column. After 
loading, the column is washed with equilibration buffer followed by an intermediate 
salt wash (~ 150 mM sodium citrate). The protein is eluted using approximately 190 
mM sodium citrate. An increase in the A280 trace during the elution step initiates 
pooling. The pooling continues for approximately 3 column volumes or until the A280 
trace returns to baseline. After elution, the column is regenerated with a 0.5 N NaOH 
solution and re-equilibrated to process additional sublots or washed with 0.1 N NaOH 
for storage. The absorbance of the pool is measured at 278 nm to determine the 
protein concentration and column recovery. 

First Concentration / Diafiltration 

[97] The SP pool is adjusted to pH 4.5-5.0 using 6N acetic acid, concentrated to 12-14 
g/L, and diafiltered using a 10 kDa membrane with 8 volumes of diafiltration buffer 
containing 20 mM acetic acid, 15 mM NaCl, 3 M urea, pH 4.25. The diafiltered 
solution is drained from the system, and the concentration is determined at 278 nm 
(typical range 10-12 g/L) to determine step recovery. The diafiltered pool is then 
filtered through a 0.2 \im filter into a sterile bag and can be maintained at 2-8°C for at 
least 3 months until the Q-Sepharose HP chromatography step is carried out. 

Q-Sepharose HP Chromatography 

[98] The concentrated, diafiltered SP pool is adjusted to a final concentration of 
approximately 4 M urea, 20 mM NaCl, 20 mM Tris, pH 7.6 - 8.5 and loaded unto a 
Q-Sepharose HP column, column is equilibrated with buffer containing 4 M urea, 20 
mM sodium chloride, 20 mM Tris, pH 8. After loading, the column is washed with 
equilibration buffer, followed by equilibration buffer containing 50 mM sodium 
chloride. TFPI is eluted using a 10 CV gradient of 50-80 mM sodium chloride in 
buffer. Fractions containing TFPI can be pooled based on fraction analysis by SDS 
PAGE and HPLC analysis to verify inclusion of the appropriate fractions. 
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[99] After the TFPI or TFPI analog has eluted, the column is washed with 150 mM sodium 
chloride buffer, then regenerated with a solution containing 0.5 N NaOH and 1 M 
NaCl. Sublots can be processed after equilibrating the column as described above. 
Columns can be stored in 0.1 N NaOH. The absorbance of the pool at 278 nm is used 
to determine the protein concentration and column recovery. 

Butyl HIC Chromatography 

[100] The pool from the Q-Sepharose HP chromatography step is adjusted to 2.5M NaCl, 
2 M urea, 100 mM sodium citrate, pH 6 and loaded to a Butyl 650 M column. After 
loading, the column is washed with 3 CV of 1.7 M NaCl, 2 M urea, 100 mM sodium 
citrate, pH 6. Product is eluted with a 10 CV gradient from 1 .7 M NaCl to 0 M NaCl 
in a buffer containing 2 M urea and 100 mM sodium citrate, pH 6. The column is 
operated in a "bind and elute" mode. Fractions are collected and analyzed by HPLC 
analysis to verify inclusion of the appropriate fractions in the pool. After elution, the 
column is washed with buffer containing no salt. Column regeneration is performed 
using 0.5 N NaOH. The column can either be re-equilibrated if additional sublots are 
to be processed or washed in 0.1 N NaOH for storage. The absorbance of the pool is 
measured at 278 nm to determine the protein concentration and column recovery. 

SP-Sepharose HP Chromatography 

[101] A high performance cation exchange chromatography step is used as a polishing step 
to remove carbamylated TFPI or misfolded TFPI species. The butyl pool is diluted 
approximately 5x with a buffer containing 3.9M urea at pH 5.5 to a conductivity of 
approximately 15.6 at 2-8'C. The adjusted butyl pool is loaded to a SP-Sepharose 
HP column equilibrated with 20 mM sodium citrate, 3 M urea, pH 5.5. After loading, 
the column is washed with 1.5 CV of buffer containing 400 mM NaCl, 3M urea, 20 
mM sodium citrate, pH 5.5. Protein is eluted using a 17 CV gradient of 400 - 650 
mM NaCl in 3 M urea, 20 mM sodium citrate, pH 5.5. 

[102] Fractions are collected when an increase in the UV absorbance occurs. Carbamylated 
and misfolded material elutes on the ascending portion of the elution peak. After the 
protein has eluted, the column is regenerated with 1 M sodium chloride in 3 M urea, 
20 mM sodium citrate, pH 5.5 followed by a solution containing 0.5 N NaOH. The 
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column is then washed and stored in 0.1 NNaOH. The fractions are analyzed by 
CEX HPLC and SDS PAGE to determine purity. 

[103] Fractions that contain greater than 95% of their material as the main TFPI- or TFPI 
analog-containing peak can be combined to produce an SP-Sepharose HP pool. 
Preferably, the fractions contain greater than 91, 92, 93, 94, 95, 96, 97, 98, or 99% 
TFPI or TFPI analog. An additional in-process assay (protein concentration by 
absorbance at 278 nm) can be performed to determine the yield of this purification 
step. 

Second Concentration / Diafiltration 

[104] The second (final) concentration/diafiltration step also uses a 10 kDa membrane. The 
SP-Sepharose HP pool is concentrated to approximately 12 g/L protein and diafiltered 
with 8 volumes of a buffer containing 300 mM L-arginine and 20 mM sodium citrate, 
pH 5.5. The diafiltered solution is recovered, and the protein concentration is 
measured at 278 nm to determine the yield of this step. Typically, the final protein 
concentration is approximately 10 mg/mL after flushing the unit. 

[105] The drug substance can be filtered through a 0.2 [im sterile filter and stored, 
preferably at <60 °C for at least 24 months. 

Drug Formulation 

[106] TFPI or TFPI analog produced according to the method described above is suitable 
for therapeutic administration. In a preferred embodiment, a pharmaceutical 
formulation contains 0.15 mg ala-TFPI/mL in 20 mM sodium citrate, 300 mM L- 
arginine, and 5 mM L-methionine pH 5.5. See also the formulations disclosed in 
Serial Nos. 60/438,519, 60/494,577, 60/509,260, 60/512,090, 60/438,524, 
60/494,547, 60/509,276, and 60/512,092. 

[107] All patents, patent applications, and references cited in this disclosure are expressly 
incorporated herein by reference in their entireties. The above disclosure generally 
describes the present invention. The specific examples in this disclosure are provided 
for purposes of illustration only and are not intended to limit the scope of the 
invention. 
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EXAMPLE 1 



Amino acid analysis and determination of amino acid composition 

[108] Three replicate aliquots of each lot of recombinant ala-TFPI (rTFPI) drug substance, 
each containing approximately 600 picomoles (-20 jig) of protein, were hydrolyzed 
in vacuo at 110 °C for 22 hours in 100 \iL of constant boiling HC1 containing 1% 
phenol. Samples of the preparations obtained after reduction and carboxymethylation 
of cysteine residues were treated in the same way. The free amino acids were 
separated by ion-exchange chromatography using a Beckman Model 6300 amino acid 
analyzer, operated with the manufacturer's program for analysis of protein 
hydrolysates with sodium buffers. After post column derivatization with ninhydrin, 
the amino acids were quantified at 570 nm for primary amines or 440 nm for proline. 
Calibration of the system was achieved through the use of a Beckman amino acid 
standard mixture. All samples were "spiked" with norleucine (Nle) as an internal 
standard. 

Quantitation ofNorvaline and Homocitrulline by an Ion-Exchange Method 

[109] Norvaline and homocitrulline were quantified by use of a Beckman 6300 amino acid 
analyzer, employing sodium buffer elution protocol modifications to facilitate the 
resolution of norvaline and homocitrulline from valine. Two buffers were employed 
in the resolution protocol: Beckman buffer Na-F, which was titrated to pH 3.75 with 6 
N HC1, and Beckman buffer Na-D, which was not altered in pH or concentration. 
The program employed Na-F as the first eluent and the column temperature was 
25°C. Flow was maintained for 40 minutes with a column temperature increase to 
. 75°C after 30 minutes of isocratic elution. At forty minutes post-injection, Na-D was 
employed for another 15 minutes of isocratic elution. This program yielded baseline 
separation of norvaline, valine and homocitrulline and maintained separation of the 
basic amino acids. 

[110] Protein hydrolysis was performed as described above. Calibration of the system was 
achieved through the use of a Beckman amino acid standard mixture. Norvaline was 
quantified in relation to a gravimetric standard obtained from Sigma. Homocitrulline 
was purchased from ICN Biomedicals of Ohio and a gravimetric standard was 
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prepared for system calibration (see below). Samples were "overloaded" on the 
column and histidine, an amino acid of low incidence in rTFPI (three moles per mole 
of protein) was quantified to define the number of moles of rTFPI present in the 
sample for the calculation of incorporation level based on the leucine (norvaline) and 
lysine (homocitrulline) content of the protein. 

Quantitation of Homocitrulline by an RP-HPLC Method 

[111] Homocitrulline was quantified by use of the Waters AccQ*Tag amino acid analysis 
method. Proteins were hydrolyzed in 6 N HC1 containing 1% phenol for 22-24 hours 
at 110°C; the free amino acids were derivatized with 6-aminoquinolyl-N- 
hydroxysuccinimidyl carbamate (AQC) at high pH in the presence of borate buffer. 
Both primary and secondary amines were thus converted to stable fluorescent 
derivatives, which were resolved by reversed-phase (RP) high performance liquid 
chromatography (HPLC). Control experiments indicate that 25% of the amino acid 
analogue is converted to lysine during acid hydrolysis. A correction factor was 
applied to the data to account for this reaction. As in the case of the norvaline 
quantitation, histidine was quantified to define the number of moles of rTFPI present 
in the sample for calculation of the modification level based on the lysine content of 
the protein. 

N-Terminal Amino Acid Sequence Analysis by Edman Degradation 

[112] N-terminal sequence analysis of lots of bulk rTFPI product was performed by Edman 
degradation. During each cycle of the sequence analysis, the protein sample was 
exposed to a volatile base, coupling reagent (phenylisothiocyanate), and anhydrous 
acid to release the phenylthiohydantoin (PTH) derivative of the N-terminal amino 
acid residue, which produces a protein with one less residue at the N-terminus. The 
free PTH-amino acid derivatives were identified by reversed-phase HPLC. 

[113] Sequence analysis was accomplished with a Perkin-Elmer Biosystems (PEB) Procise 
494 protein sequencer. A 1.5-^L aliquot of each lot of rTFPI at a 1:10 dilution, 
containing approximately 50 picomoles of protein, was diluted into water and loaded 
directly onto a polyvinylidene difluoride (PVDF) membrane, using the ProSorb 
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system (PEB) to remove excipients. Programs, protocols, and reagents were provided 
by the instrument manufacturer. 

Reduction and Carboxymethylation (RCM) of Sulfliydryl Groups 

[114] Samples were transferred to 1.5 mL microfuge tubes with o-ring caps and dried by 
vacuum centrifugation on a Savant Speed- Vac concentrator. Each sample was 
dissolved in 250 jjlL of reduction and carboxymethylation (RCM) buffer containing 
0.2 M tris(hydroxymethyl)aminomethane (Tris), 6.0 M guanidine hydrochloride, 
0.003 M ethylenediaminetetraacetic acid, pH 8.5, and 15 pL of 1.0 M DTT were 
added to reduce disulfide bonds. The tubes were flushed with argon gas and capped 
tightly to exclude oxygen. The samples were incubated at 60°C for one hour in a 
Thermomixer. Fresh sodium iodoacetate (IAA) solution was prepared (0.25 g/mL, 
1.2 M) in a four-fold dilute aliquot of the RCM buffer, and 26 jllL of the IAA solution 
were added to each rTFPI sample. The tubes were flushed with argon gas and capped 
tightly to exclude oxygen. The carboxymethylation reaction was carried out at room 
temperature in the dark for 30 minutes. The reaction mixture was desalted on NAP-5 
columns. Aliquots of the final product of each reaction were quantitated by amino 
acid analysis for protein concentration. 

Protein Desalting 

[115] In some cases the protein was desalted prior to analysis or enzymatic digestion. A 
Vydac C4 guard cartridge (4.6 x 20 mm; 5 micron particle size) was employed to 
separate protein from excipients, such as urea, arginine, or guanidine hydrochloride, 
which might interfere with analyses of a number of types. Samples of one to two 
milligrams of protein were injected onto the column equilibrated in 0.1% 
trifluoroacetic acid (TFA) in water (buffer A). The protein was eluted from the 
cartridge at a flow rate of 1.0 mL per minute with the following gradient (endpoints) 
with buffer B (80% acetonitrile:0.1% TFA in water): 0 minutes = 0% B; 5 minutes = 
0% B; 15 minutes = 90% B; 18 minutes = 90% B; 20 minutes = 0% B. The eluate 
was monitored at a wavelength of 220 nm at a range of 2.0 absorbance units full scale 
(AUFS). All excipients eluted in the first 5 minutes of elution. The rTFPI peak was 
collected manually, and volatile solvents were removed by vacuum concentration. 
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Endoproteinase Digestion; Generation of Non-Reduced Peptide Fragments 

[116] Ten microliters of rTFPI from lot MAECM014 was digested in 150 \xL 100 mM Tris- 
HCl, pH 6.8, with 0.8 jiG of Asp-N (Boehringer Mannheim). Ten microliters of 
rTFPI was digested in 150 \ih 100 mM Tris-HCl, pH 6.8, with L8 mM zinc acetate. 
The Asp-N digestion was carried out at 37°C for 18 hours. Digestion was terminated 
by the addition of 150 (iL of 8 M guanidine hydrochloride solution, and samples were 
stored at -80°C before analysis. 

Trypsin Digestion; Generation of RCM Peptide Fragments 

[117] Aliquots of 80 ^iL each of rTFPI after RCM were transferred to 1.5 mL microfiige 
tubes for trypsin digestion. Promega porcine trypsin (20 jig) was dissolved in 0.05 M 
acetic acid (40 pL) and 1.6 |iL of the trypsin solution (0.5 mg/mL) were added to 
each rTFPI sample. The final rTFPI concentration was 0.4 mg/mL in 35 mM Tris (pH 
8) with a trypsin/TFPI ratio of 1/50 (w/w). The trypsin digestion was carried out at 
37°C for 18 hours. Digestion was terminated by freezing the samples, which were 
stored at -80°C before analysis. 

Glu-C Endoproteinase Sub-Digestion of Non-Reduced Asp-N +42/43 Da 
Peptide 

[118] Peptides isolated from HPLC were dried by vacuum centrifugation. Each sample was 
re-dissolved in 50 microliters of 30 mM ammonium acetate solution, at pH 4. 
Approximately half a microgram of endoproteinase Glu-C was added to each peptide 
sample. The digestion was allowed to proceed at room temperature overnight. The 
pH was adjusted to 8 by addition of 1 M Tris-HCl buffer at pH 8; it was then reduced 
with 0.5 nL of 1 M DTT for 30 minutes at 60°C prior to analysis by LC-MS. 

Arg-C Endoproteinase Sub-Digestion of Glu-C Peptides under Reducing 
Conditions 

[119] Peptides isolated by HPLC were dried by vacuum centrifugation. Digestion buffer 
was 150 mM Tris-HCl and 15 mM calcium chloride at pH 7.5. Enzyme activation 
buffer was made immediately before the digestion by adding 300 |iL of water to the 
lyophilized material supplied in the kit (Boehringer Mannheim). Endoproteinase 
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Arg-C enzyme solution was prepared by reconstitution of 5 jug lyophilized enzyme in 
250 of water. Each sample was re-dissolved in 7 pL of digestion buffer, in 
addition to 3 |iL of activation buffer and 1 |iL of Arg-C enzyme solution. The 
digestion was allowed to proceed at 37°C for 2 hours, prior to analysis by MALDI- 
TOF-MS. 

Fast Gradient LC-MS; Measurement of Intact rTFPI Molecular Mass 

[120] Measurements of the molecular masses of intact rTFPI were performed using a 
Michrom Ultrafast Microprotein Analyzer (UMA) HPLC system interfaced to a 
Perkin-Elmer Sciex API 100 mass spectrometer (LC-MS). Samples (approximately 2 
|ig each) were injected onto a reversed-phase (RP) column (Zorbax Cyano, 1 mm x 
150 mm). Solvent A was 5% acetonitrile in water and 0.1% TFA, and solvent B was 
acetonitrile containing 0.09% TFA. Gradient elution was performed from 5% B to 
95% B in 10 minutes at a flow rate of 50 |LiL/minute. The effluent was split at a ratio 
of 10:1 after the flow cell, with approximately 5 ^L/minute directed into the 
electrospray ion source of the API 100 mass spectrometer. The ion spray voltage was 
set at 4.5 kV, and the orifice voltage was at 50 volts. The instrument was calibrated 
with ions generated from a polypropylene glycol (PPG) mixture supplied by the 
manufacturer. 

[121] During electrospray ionization, peptides or proteins are introduced into the mass 
spectrometer ion source at low pH. The basic sites in proteins and peptides (nitrogen 
atoms in the side chains of arginine, lysine and histidine residues, as well as the 
alpha-amino groups of the N-terminal residues) are protonated to varying degrees, 
which results in molecular ions of multiple charge states (e.g., [M+H] + and 
[M+2H] 2+ ), depending on the number of sites accessible for protonation. The 
detector records the mass-to-charge ratio (m/z) of the molecular ions from which the 
molecular mass can be calculated by a software algorithm. The mass accuracy of the 
measurements in this mode was 0.01% of the molecular mass of rTFPI (+/- 3 Da). 
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Slow Gradient LC-MS; Measurement of Intact Molecular Mass of Individual 
rTFPI Components 

[122] Five \ig samples were analyzed by a reversed-phase (RP) column (Zorbax Cyano, 1 
mm x 150 mm). Solvent A was 5% acetonitrile in water and 0.1% trifluoroacetic 
acid (TFA), and solvent B was acetonitrile containing 0.09% TFA. Gradient elution 
was performed from 27% B to 32% B in 30 minutes at a flow rate of 50 jiL/minute. 
The electrospray ionization mass spectrometer operation was performed as described 
above. 

LC-MS of Non-Reduced Peptide Digests; Mass Measurement of Peptides 

[123] Ten microliter aliquots of the Asp-N digest were subjected to LC-MS analysis using a 
Michrom Ultrafast Microprotein Analyzer (UMA) HPLC system interfaced to a 
Perkin-Elmer Sciex API 100 mass spectrometer. Samples were injected onto a 
reversed-phase (RP) column for LC-MS using a Vydac C18, Reliasisl C18 or Zorbax 
Cyano column (1 mm x 150 mm, 5 |nm particle size and 300 Angstrom pore size). 
Solvent A was 5% acetonitrile in water with 0.1% trifluoroacetic acid (TFA), and 
solvent B was acetonitrile containing 0.09% TFA. Gradient elution was performed 
from 5 to 25% solvent B in 25 minutes and from 25% to 36% B in 30 minutes at a 
flow rate of 50 (xL/minute. For trypsin digest, gradient elution was performed from 
5% to 45% B in 80 minutes. The effluent was split at a ratio of 10:1 after the flow 
cell, with approximately 5 juL/minute directed into the electrospray ion source of the 
API 100 mass spectrometer. The ion spray voltage was set at 4.5 kV, and the orifice 
voltage was set at 50 volts. The instrument was calibrated with ions generated from a 
polypropylene glycol (PPG) mixture supplied by the manufacturer. The mass 
accuracy of molecular mass measurement by LC-MS was ± 1 Da in the mass range of 
the rTFPI peptides. 

MALDI-TOF MS; Accurate Mass Measurement of Peptides 

[124] MALDI-TOF mass spectra were acquired on a Bruker Reflex instrument equipped 
with a nitrogen laser (337 nanometers, 4 nanosecond pulse) and a delayed-extraction 
ion source. Samples for analysis were prepared by adding 1 ^iL to 1 ^iL of a saturated 
solution of alpha-cyano-4-hydroxycinnamic acid. The mixture was vortexed, and 1 
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|iL was loaded onto the sample target. The air-dried sample/matrix mixture was 
introduced into the mass spectrometer by means of a vacuum lock. Spectra were 
recorded using an accelerating voltage of 20 kV and a reflectron voltage of 21.5 kV. 
For delayed-ion extraction, a 6 kV potential difference was applied between the 
sample probe and the extraction lens. Spectra were calibrated using a mixture of 
known peptides as an external calibration standard. The mass accuracy of molecular 
weight measurement by delayed extraction MALDI-TOF MS was ± 0.5 Da using 
external calibration. In some cases spectra were calibrated using a known peptide in 
the sample. In this case the mass accuracy was ± 0.02 Da at peptide masses of 2,000 
Da or less (approximately 10 ppm). 

NanoESMS and MS/MS; Identification of Peptide Modifications 

[125] Experiments were performed on a Perkin Elmer Sciex API-Ill triple quadrupole 
instrument equipped with a custom ion source (Wilm and Mann, EMBL, Heidelberg, 
Germany) and an updated high pressure collision cell. Approximately 1 \iL of each 
sample was loaded into a gold-coated glass capillary needle and positioned in the 
mass spectrometer source with the aid of a stereo microscope. Mass spectra were 
recorded over the m/z range appropriate for the peptide under analysis, at 8 
seconds/scan, using a step size of 0.1 Da. The instrument was calibrated with ions 
generated from a PPG mixture, supplied by the manufacturer. 

[126] Low energy collision-induced dissociation tandem mass spectra (CID-MS/MS) were 
acquired in the positive ion mode. Samples were introduced into the MS ion source 
as above. The second quadrupole was scanned over an m/z range of 50 to the parent 
ion m/z at 5-10 seconds/scan using a step size of 1 Da. The orifice potential was set 
at 40 volts, and the collision energy was approximately 60 electron volts. In tandem 
mass spectrometry, the molecular ion of interest, in a mixture of peptides, can be 
selectively introduced into the collision cell. Bombardment with an inert gas in the 
collision cell results in fragmentation of the peptide at the amide bonds. The 
fragments produced in the collision cell are analyzed by the second mass 
spectrometer. The tandem mass spectrum provides amino acid sequence information 
including the position of any covalent modifications. 
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Mass Assignments; Monosiotopic Masses 

[127] In the analysis of peptides by delayed ion extraction MALDI-TOF MS, the mass 
spectrum of a pure peptide will possess a number of peaks at high resolution, with 
each peak corresponding to the peptide with a specific isotope abundance. The 
monoisotopic mass of a compound is the sum of the masses of the lightest stable 
isotopes for the elements in the compound (e.g., carbon is 12.0000 Da; 98.90% 
abundance). Because there is a stable isotope of carbon with a mass of 13.0034 Da at 
a natural abundance of 1 .10%, any organic compound with 1 00 carbon atoms or more 
will possess one or more carbon-13 isomers. The major ions in the mass spectrum of 
a peptide result from the simple acquisition of one proton; use of the calibration 
software yields a monoisotopic mass for the components of the spectrum, using 
assignments for the carbon- 12 isomers. The monoisotopic molecular mass is 
obtained by MS analysis when the isotopic peaks can be resolved at the isomer level, 
e.g., at lower mass values or through the use of a high-resolution instrument. 

Mass Assignments; Average Values 

[128] The average molecular mass of a peptide or protein is the sum of the chemical 
average masses of each element in the molecule. The average chemical mass of an 
element is the sum of the masses of all of the stable isotopes (e.g., carbon is 12.01 1 1 
Da), weighted for relative abundance. The average molecular mass is obtained by 
MS analysis when the monoisotopic peaks cannot be resolved (e.g., at high mass 
values). 

EXAMPLE 2 

Drug Substance Release Testing of Reference Materials 

[129] Comparison of the purity of rTFPI prepared according to Process B and those 
prepared according to Process C as assessed by CEX HPLC and SEC HPLC are 
shown in Figures 2 and 3, respectively. SDS PAGE analysis using Coomassie 
staining or silver staining is shown in Figures 4 and 5, respectively. These data show 
the comparability between the Process B and Process C drug substances by these 
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release assays. Comparison of the same materials by CN HPLC is shown in 
Figure 1 1 . 

Physical Characterization of the Major Components 
Amino Acid Composition 

The amino acid composition determined for rTFPI prepared according to Process C is 
shown in Table 4. Amino acid recoveries were normalized to residues per molecule. 
The theoretical values were predicted from the nucleotide sequence of the rTFPI 
gene. Aspartic acid and asparagine residues were recovered as aspartic acid (Asx); 
glutamic acid and glutamine residues were recovered as glutamic acid (Glx- all amide 
linkages are hydrolyzed by the acid treatment). Values for cysteine were determined 
by quantitation of the carboxymethyl-cysteine in the RCM protein preparations. 
Tryptophan was not determined (ND) because it is destroyed under the standard 
hydrolysis conditions. Isoleucine recoveries were low because bonds formed by this 
residue are only partially hydrolyzed in 22-24 hours. The cysteine values indicate full 
reactivity with the iodoacetic acid reagent, within the error of the method. The amino 
acid composition of the protein in the two reference lots is consistent with the 
predicted sequence of the protein. 
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Table 4. Amino Acid Compositions of rTFPI Preparations 



Amino Acid 


Theory 


Process B 
reference 


Process C 
reference 










Asx 


34 


34 2 


34.5 


Thr 


16 


15.1 


15.3 


Ser 


11 


10.6 


10 1 


Glx 


37 


36.5 


35.8 


Pro 


11 


11.1 


11 7 


Glv 


21 


22.0 


21.2 


Ala 


10 


9 8 


10 0 

X \Jm\J 


Val 


6 


64 


6 5 


Met 


5 


4 7 


5 2 


He 


16 


14 0 


14 1 

X T • X 


Leu 


15 


15 6 


15 3 


Tvr 


10 

X V/ 


10 0 


10 0 


Phe 


21 


20.8 


21.2 


His 


3 


3.1 


3.0 


Lys 


25 


24.8 


25.1 


Arg 


17 


16.9 


19.5 


Cys 


18 


17.4 


17.2 



Samples were reduced and carboxymethlyated. 

Results expressed as moles of amino acid residue per mole of protein. 

No Trp Determination 

Asx = Asp + Asn; Glx = Glu + Gin 

N -terminus 

[131] The results of N-terminal sequence analysis by Edman degradation are presented in 
Table 5. The yields shown are gross recoveries of the corresponding PTH-amino acid 
derivatives in each cycle of degradation. The identities were deduced from the 
relative recoveries in each cycle: the greatest increase in the case of non-repeating 
residues; a sustained high yield (without large increases of other derivatives) in the 
case of repeating residues. The differences in cycle yield reflect a disparity in the 
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recovery of the protein from the two lots on the PVDF membrane during sample 
deposition. Each lot yielded equivalent results: a predominant fifteen-residue 
sequence that was in exact agreement with that predicted from the nucleotide 
sequence of the rTFPI gene. 



Table 5. Sequence Analysis of Reference Lots 



Cycle 


Residue 


Raw Cycle Yield * 






MAFPM014 


DrJOUD 










1 


Ala 


Zo 


1 1 


2 


Asp 


10 


1 (\ 


3 


Ser 


1 fi 
1U 


c 

J 


4 


Glu 


1 1 
i i 


J 


5 


Glu 


17 


7 


6 


Asp 


9 


3 


7 


Glu 


12 


7 


8 


Glu 


12 


• 7 


9 


His 


4 


1 


10 


Thr 


5 


2 


11 


He 


5 


2 


12 


lie 


9 


5 


13 


Thr 


6 


4 


14 


Asp 


4 


2 


15 


Thr 


7 


4 



*Cycle yield in picomoles of PTH-amino acid 



Molecular Mass 

[132] Analysis of intact rTFPI by LC-MS showed that the major component in each lot 
possesses the molecular mass predicted by the sequence of the gene (theoretical 
molecular mass 34,004 Da with nine disulfide bonds), indicating that the entire 
protein is expressed by the recombinant cell line. Figure 6 shows the deconvolved 
electrospray mass spectra of an rTFPI lot prepared according to Process B 
(MAECM014) and of an rTFPI lot prepared according to Process C (PB5806). Minor 
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RTFPI components were also observed and further details of these structures are 
presented elsewhere. Table 6 lists the masses of the major rTFPI molecular ions 
observed during LC-MS analysis. 

Table 6. Intact Average Molecular Masses of rTFPI measured by LC-MS 



Lot Number 


Process 


Observed 
Molecular Mass 
(Da)' 


Theoretical 
Molecular Mass 
(Da) 


MAECM014 


Process B 


32,006 


32,004 


PB5806 


Process C 


32,007 


32,004 


PB5666 


Process C 


32,005 


32,004 


PB6096 


Process C 


32,007 


32,004 


PB6376 


Process C 


32,006 


32,004 



1 Mass accuracy approximately +/- 3 Da 



Primary Structure 

[133] The entire sequence of rTFPI was confirmed by a combination of analyses of an Asp- 
N endoproteinase peptide map of the non-reduced (native) protein and a tryptic 
peptide map of the RCM protein by LC-MS for lots MAECM014 and PB5806. 
Using LC-MS, both a conventional peptide map and the molecular masses of the 
peptides in the chromatogram are obtained in a single experiment. The Asp-N and 
tryptic peptide maps provided information about overlapping regions of the protein 
sequence for confirmation of the primary structure. Figure 7 shows the UV 
chromatograms, recorded during LC-MS analysis, of Asp-N peptides for non-reduced 
rTFPI lots MAECM014 and PB5806. Table 7 lists the peptides identified in the Asp- 
N peptide maps by comparison of the measured m/z of the molecular ions with the 
theoretically predicted m/z values for Asp-N peptides. Figure 8 shows the UV 
chromatograms, recorded during LC-MS analysis, of tryptic peptides for RCM rTFPI 
lots MAECM014 and PB5806. Table 8 lists the peptides identified in the tryptic 
peptide maps by comparison of the measured m/z of the molecular ions with the 
theoretically predicted m/z values for rTFPI tryptic peptides. The combination of the 
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LC-MS results from the Asp-N and tryptic peptide maps accounts for 100% of the 
protein sequence (277 of 277 residues) and confirms the primary structure of the 
protein in both lots. 

[134] The peptide mapping results confirm not only the primary structure of rTFPI 
produced according to Process C, but also the removal of carbamylated rTFPI 
impurities. The +42 Da modification to rTFPI that occurs when the method of 
Process B is used was identified as being in the region of the protein associated with 
the third Kunitz domain (residues 206-258). Analysis of Asp N and tryptic digests of 
rTFPI prepared according to Process C shows that the peptides corresponding to this 
domain have masses that are consistent with the theoretical mass of unmodified 
rTFPI, indicating that the rTFPI produced in the revised process has been purified of 
carbamylated species. In addition, there were no detectable levels of homocitrulline 
found during this analysis, consistent with the lack of carbamylated lysine residues in 
the rTFPI sample. 
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Table 7. Peptides identified by LC-MS from Asp-N digestion of non-denatured rTFPI Lots 
MAECM014andPB5806 



HPL 

C 
Peak 


Observed 
Mass 
MAECM014 


Observed 
Mass PB5806 


Theory 
Mass* 


Residue 
Span 


Amino Acid Sequence 


1 


956.4 


956.6 


956.5 


6-13 


DEEHTIIT (SEQ ID NO:2) 


2 


1008.6 


1008.6 


1008.5 


270-277 1 


EEIFVKNM (SEQ ID NO:3) 


3 


10031.8 


10032.5 


10031.7 


183-269 
Kunitz 3 


EFHGPSWCLTPADRGLC 
RANENRFYYNSVIGKCR 
PFKYSGCGGNENNFTSK 
QECLRACKKGFIQRISKG 
GLIKTKRKRKKORVKIA 

VJX^XX^X IVLvlVLViVivWlV v ivin 

Y (SEQ ID NO:4) 


4 


10049 8 


10050 5 


10049 7 


183-269 

(+H 2 0) 
Kunitz 3 
clipped 


EFHGPSWCLTP A/DRGLC 

Xwl X 1VJ X U TT vlv X X a\J L/IVVJ !_/ 

RANENRFYYNSVIGKCR 
PFKYSGCGGNENNFTSK 
QECLRACKKGFIQRISKG 
GLIKTKRKRKKQRVKIA 
Y (SEQ ID NO:5) 


5 


2708 7 


2709 1 


2709 0 


1 JO 1 oz* 


DNYGTOT NA VNNST TPO 
STKVPSLF (SEQ ID NO:6) 


6 


9110.4 


9111.0 


9109.2 


80-157 
Kunitz 2 


DNANRIIKTTLQQEKPDF 

CFLEEDPGICRGYITRYF 

YNNQTKQCERFKYGGCL 

GNMNNFETLEECKNICE 

DGPNGFQV (SEQ ID 

NO:7) 


7 


7764.1 


7764.3 


7764.0 


14-79 
(+H 2 0) 
Kunitz 1 
clipped 


DTELPPLKLMHSFCAFKA 
/DDGPCKAIMKRFFFNIFT 
RQCEEFIYGGCEGNQNRF 
ESLEECKKMCTR (SEQ ID 
NO:8) 



* Monoisotopic masses below 1500 Da, average molecular masses above 1500 Da. 
HPLC peaks 4 and peak 7 each contained two peptides held together by the disulfide bonds 
in the Kunitz region. 
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1 

2 
3 
4 
5 
6 
7 

T~ 

9 
10 

11 

12 
13 
14 
15 

16 
17 
18 
19 

20 

21 

22 

23 

24 
25 



. Peptides identified by LC-MS from Trypsin Digestion of RCM rTFPI Lots 
VI014andPB5806 



Observed 

Mass 
PB5806 



588.4 



Theory 
Mass* 



588.26 



Residue 
Span 



80- 84 



Amino Acid Sequence 



R <DNANR> I (SEQ ID NO:9) 



592.2 



592.23 



122 - 125 



K <QCER> F (SEQ ID NO: 10) 



567.2 



567.21 



76- 79 



K <MCTR> D (SEQ ID NO: 1 1) 



461.2 



461.27 



38- 41 



K <AIMK> R (SEQ ID NO: 1 2) 



705.4 



705.31 



234 - 238 



K <QECLR> A (SEQ ID NO: 13) 



608.2 



608.33 



109-113 



R <GYITR> Y (SEQ ID NO: 14) 



486.4 



486.32 



251 -255 



K <GGLDC> T (SEQ ID NO:15) 



707.4 



707.34 



215-219 



K<CRPFK>Y (SEQ ID NO: 16) 



1535.2 



1535.56 



220-233 



K <YSGCGGNENNFTSK> Q (SEQ ID 
NO: 17) 



619.4 



619.34 



243 - 247 



K <GFIQR> I (SEQ ID NO: 1 8) 



747.4 



747.44 



242 - 247 



K<KGFIQR>I (SEQ ID NO: 19) 



1076.6 



1076.49 



114-121 



R <YFYNNQTK> Q (SEQ ID NO:20) 



1169.6 



1169.53 



67-75 



K<FESLEECKK>M (SEQ ID NO:21) 



1041.6 



1041.43 



67- 74 



R <FESLEECK> K (SEQ ID NO:22) 



1962.4 



1963.05 



51 - 66 



R<QCEEFIYGGCEGNQNR> F (SEQ 
ID NO:23) 



1089.6 



1089.55 



206-214 



R <FYYNSVIGK> C (SEQ ID NO:24) 



1140.5 



1140.51 



22- 30 



K <LMHSFCAFK> A (SEQ ID NO:25) 



1110.5 



1110.60 



267 - 275 



K <IAYEEIFVK> N (SEQ ID NO:26) 



3497.8 



3497.72 



146 - 177 



K<NICEDGPNGFQVDNYGTQLNAV 
NNSLTPQSTK>V (SEQ ID NO:27) 



2138.0 



2138.34 



128 - 145 



K<YGGCLGNMNNFETLEECK> N 
(SEQIDNO:28) 



2382.3 



2382.52 



1-21 



<ADSEEDEEHTIITDTELPPLK> L 
(SEQ ID NO:29) 



2585.0 



2585.86 



88 - 108 



K<TTLQQEKPDFCFLEEDPGICR> G 
(SEQIDNO:30) 



5618.9 



5618.04 



128-177 



K<YGGCLGNMNNFETLEECKNICE 

DGPNGFQVDNYGTQLNAVNNSLTP 

QSTK>V(SEQIDNO:31) 



2216.8 



2217.5 



178-196 



K<VPSLFEFHGPSWCLTPADR> G 
(SEQ ID NO:32) 



1090.6 



1090.56 



43-50 



R <FFFNIFTR> Q (SEQ ID NO:33) 



sotopic masses below 1500 Da; average molecular masses above 1500 Da. 
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Secondary/Tertiary Structure 

[135] The secondary/tertiary structure of rTFPI was confirmed by the analyses of Asp-N 
endoproteinase peptide map of lots MAECM014 and PB5806, where intact Kunitz 
domains were observed (Figure 1 1 and Table 8). Figure 9 illustrates the rTFPI 
structure, indicating the three Kunitz domains and the Asp-N cleavage sites. Under 
non-denaturing conditions, seven peptides are observed resulting from Asp-N 
cleavage between the Kunitz domains. Two of these peptides are also cleaved 
internally, but the resulting peptides are held together by disulfide bonds (Figure 9). 
The data are consistent with the presence of disulfide bonds within the Kunitz 
domains and the absence of disulfide bonds between the Kunitz domains, as predicted 
for the secondary/tertiary structure of the native protein. 

EXAMPLE 3 

Identification and Characterization of Minor Components 

Purity Assessment by CNHPLC 

[136] A comparison of the CN HPLC chromatograms of rTFPI prepared according to 
Process B (A) and prepared according to Process C (B) is shown in Figure 10. 
Process C produces material with an increase in purity by CN HPLC. All of the 
peaks that are separated by this assay contain rTFPI. Analysis of the peaks using ES- 
MS has determined that the Process B material contained approximately 75% rTFPI 
that has the theoretical mass, 5-10% rTFPI that has a mass which is increased by 16 
amu and is believed to contain an oxidized methionine residue (peak 1), and 
approximately 15% rTFPI that has a mass which is increased by 42 or 43 amu and is 
believed to contain an acetylated lysine residue (peak 3). Material prepared according 
to Process C contains approximately 90% rTFPI main peak and 5-10% rTFPI 
containing an oxidized methionine residue (peak 1). Unlike the prior process, the 
process of the invention does not appear to produce appreciable levels of acetylated 
rTFPI. The reference standard for the process of the invention (peak 2, Figure 10) 
shows a small shoulder, which elutes immediately before the rTFPI main peak and 
was identified as rTFPI containing substitutions of norvaline for leucine as described 
in the following sections. 
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Identification ofNorvaline Misincorporation 

[137] A norvaline for leucine substitution has been identified in heterologous proteins 
expressed in E, coli and is believed to occur through misincorporation at the tRNA 
level (Apostol et al. 9 1 Biol Chem. 272, 28980-88, 1997). rTFPI contains 15 leucine 
residues and incorporation of norvaline instead of leucine was identified at four 
residue positions 90, 100, 181 and 191. The level of misincorporation at specific sites 
rTFPI lots prepared according to Process B (MAECM014) and according to Process 
C (PBS 806) was estimated by comparison of the UV peak areas, recorded during LC- 
MS, of normal RCM rTFPI tryptic peptides with the corresponding norvaline- 
containing tryptic peptides. The total amount of norvaline was quantified by amino 
acid analysis. 

Identification ofNorvaline in the Collected CN HPLC Shoulder 

[138J The average molecular mass of rTFPI in the shoulder of the CN HPLC assay was 
identified as 31,989 Da by LC-MS. This value is 15 Da +/-3 Da lower than the 
molecular mass predicted for rTFPI (32,004 Da). To identify the nature of the 
modification, the protein in peak 2 (Figure 10) was reduced and carboxymethylated, 
and then digested with trypsin. The tryptic peptides were analyzed by LC-MS and 
collected for accurate mass measurement by MALDI-TOF MS. Four of the six 
fractions collected showed monoisotopic molecular masses that were 14 Da lower 
than predicted peptides (Table 9). The peptides were sequenced by nanoES MS/MS 
and by Edman degradation. The modification was identified as norvaline 
incorporation at predicted leucine residue positions 90, 100, 181 and 191 and 
confirmed by the retention time of the PTH-amino acid during the Edman sequence 
analysis. 
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Table 9. Norvaline-containing RCM Tryptic Peptides identified by Accurate Mass MALDI- 
TOF MS, NanoES MS/MS and Edman Sequence Analysis 



Fraction 


Observed 
Mass 


Theory 
Mass 


Residue Span 


Amino Acid Sequence 


1 


2571.1 


2585.2 


88-108; nVlOO 


TTLQQEKPDFCFnVEEDPGICR 
(SEQ ID NO:34) 


2 


2571.0 


2585.2 


88-108; nV90 


TTnVQQEKPDFCFLEEDPGICR 
(SEQ ID NO:35) 


3 


2585.1 


2585.2 


88-108 


TTLQQEKPDFCFLEEDPGICR 
(SEQ ID NO:36) 


4 


2203.0 


2117.0 


178-196; nV181 


VPSnVFEFHGPSWCLTPADR 
(SEQIDNO:37) 


5 


2202.8 


2117.0 


178-196; nV191 


VPSLFEFHGPSWCnVTPADR 
(SEQ ID NO:38) 


6 


2216.8 


2117.0 


178-196 


VPSLFEFHGPSWCLTPADR 
(SEQ ID NO:39) 



Tryptic peptides from the CN HPLC peak 2 of lot PB6096 were isolated by LC-MS. 
Norvaline is abbreviated as nV, and shown in bold fonts in the peptide sequences. 
nVlOO, nV90 5 nV181 and nV191 indicate misincorporation at positions 100, 90, 181 and 
191, respectively. 



Quantitation of Norvaline Misincorporation at Specific Sites by LC-MS 

[139] Because the RP HPLC shoulder might only contain a fraction of rTFPI with norvaline 
misincorporation, unfractionated reference material prepared according to Process C 
was analyzed for quantitation of the norvaline-containing peptides. Lot PB5806 was 
reduced, alkylated, and then digested with trypsin. Four replicate LC-MS analyses 
were performed for quantitation of norvaline-containing peptides. Data were 
acquired using the full scan mode for molecular mass identification and selected ion 
monitoring (SIM) for increased sensitivity detection of norvaline-containing peptides. 

[140] Figure 12A shows the UV chromatogram recorded between 30 and 60 minutes during 
LC-MS. The peak eluting at approximately 51 minutes was identified as tryptic 
peptide T(88-108) with average molecular mass 2585.2 Da. The SIM chromatogram 
for peptide T(88-108) is shown in Figure 12B. Note, there is a slight delay between 
detection of peptides by the UV detector and detection in the mass spectrometer 
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during LC-MS, due to the time taken for the eluent to travel between the two 
detectors. The minor peaks eluting at approximately 48 minutes and 49 minutes were 
identified as peptide T(88-108) with norvaline misincorporation at residue position 
100 (peptide nVlOO) and residue position 90 (peptide nV90), respectively (average 
molecular mass 2571.2 Da; theoretical mass 2571.2 Da). The norvaline incorporation 
sites were based on comparison with the peptides from the RP HPLC shoulder in 
rTFPI lot PB6096 identified above by Edman degradation and nanoES MS/MS 
analysis. 

[141] Figure 12C shows the SIM chromatogram for peptides nVlOO and nV90 where the 
two peptides are clearly observed. The ratio of peptides T(88-108), nVlOO and nV90 
were calculated from the peak areas in the UV chromatogram (Figure 12 A) and the 
values obtained from four separate analyses. A similar approach was used to 
quantitate the degree of norvaline substitution in the tryptic peptides containing 
residues 178-196. 

[142] Table 10 shows the quantitation of norvaline misincorporation at residue positions 90, 
100, 181 and 191 in four replicate LC-MS analyses. Peak areas at 215 nm were 
integrated for the peptides shown in SEQ ID NOS:34-39. Peak areas were summed 
for peptides 1, 2 and 3 and ratio of each peak over the sum was calculated and is 
shown in the table. The same was done for peptide 4, peptide 5 and peptide 6. 
Norvaline is abbreviated as nV, and shown in bold font in the peptide sequences. 
Relative amounts of misincorporation were calculated by comparison of UV peak 
areas of norvaline-containing peptides with the corresponding non-substituted 
peptide. 

[143] These composite results show that a norvaline substitution occurred in the reference 
lot PB5806 (prepared according to Process C) at residue positions 90, 100, 181 and 
191. The level of incorporation at these sites is 3.3%, 4.3%, 2.8% and 1.4% 
respectively, corresponding to a molar level of misincorporation in PB5806 of at least 
11.8%. In contrast, norvaline misincorporation in the reference lot prepared 
according to Process B (MAECM014) was only detected at minimal level, possibly at 
residue 100, and was estimated at <0.2%. 
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Table 10. 



nr JLC Kun 


Peptide 


reptide 


reptide 


Peptide 


Peptide 


Peptide 


I 


4.4% 


3.1% 


92.5% 


3.0% 


1.5% 


95.5% 


2 


4.2% 


3.8% 


92.0% 


2.8% 


1.4% 


95.8% 


3 


4.1% 


2.9% 


93.0% 


2.8% 


1.3% 


95.8% 


4 


4.4% 


3.4% 


92.1% 


2.8% 


1.3% 


95.9% 


Average of 4 


4.3% 


3.3% 


92.4% 


2.8% 


1.4% 


95.8% 



* Peptide identity shown below: 



Peptide 1 : 88- 1 08 TTLQQEKPDFCFnVEEDPGICR (SEQ ID NO:34) 

Peptide 2: 88-108 TTnVQQEKPDFCFLEEDPGICR (SEQ ID NO:35) 

Peptide 3: 88-108 TTLQQEKPDFCFLEEDPGICR (SEQ ID NO:36) 

Peptide 4: 178-196 VPSnVFEFHGPSWCLTPADR (SEQ ID NO:37) 

Peptide 5: 178-196 VPSLFEFHGPSWCnVTPADR (SEQ ID NO:38) 

Peptide 6: 178-196 VPSLFEFHGPSWCLTPADR (SEQ ID NO:39) 



Quantitation of Total Norvaline Misincorporation by Amino Acid Analysis 

[144] Table 1 1 summarizes the results of norvaline quantitation in the rTFPI preparations 
by ion-exchange amino acid analysis. The results are expressed as the percentage of 
leucine misincorporated as norvaline on a molar basis. With this method of analysis, 
there is no detectable amount of norvaline in rTFPI lot MAECM014 (Process B 
reference). However, the Process C reference (PB5806) and the other lots prepared 
by the new process contain an average of 2.64% norvaline per mole of leucine. If the 
misincorporation of norvaline for leucine occurs randomly, and there is an average of 
one norvaline per rTFPI molecule, this indicates that up to 40% of the rTFPI 
molecules would have a norvaline substitution. These results confirm the predictions 
of relative content generated from the LC-MS data. 
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Table 11. 



Lot 


Norvaline Content 
(%) 


MAECM014 


Not detected 


PB5806 


2.52 


PB6376 


2.45 


PB5666 


3.03 


PB6096 


2.54 



Impact of Norvaline Substitution on in vitro Activity 

[145] Table 12 summarizes the in vitro PT bioactivity for materials prepared according to 
Process B and those prepared according to Process C. The presence of norvaline does 
not adversely effect rTFPI in vitro biological activity. PT activity remains constant 
even though the CN HPLC purity has increased substantially, indicating that this 
heterogeneity has minimal impact on activity. 



Table 12. 



Drug 


Drug Substance 


Norvaline 


CN HPLC Purity 


PT Activity 


Product 


Process 


Substitution 


(% Main Peak) 




Lots 




(%) 




(%) 


MAJPN002 


Process B 


ND 


76 


102 


NA1246 


Process B 


ND 


78 


74 


NA4721 


Process B 


ND 


78 


117 


NA0182 


Process B 


ND 


77 


104 


PA1408 


Process B 


ND 


80 


108 


PB6095 


Process C 


2.5% 


92 


98 



ND, not determined. PT activity is expressed as % control; release specification is 50-150%. 



EXAMPLE 4 

Minor Components in Purity Assessment by Cation Exchange HPLC 

[146] Figure 13 shows a comparison of rTFPI before and after performing SP-Sepharose 
HP chromatography. Purity of the main peak increases from 89% (load) to 100% 
(pool) after the SP-Sepharose HP chromatography step. 
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EXAMPLE 5 



Analysis of Intact Unfractionated rTFPIDrug Substance 

[147] Analysis of intact rTFPI by LC-MS was performed to demonstrate identity of the 
material produced according to Process C. The observed mass of the major 
component is 32,007 Da 3 which is consistent with the theoretical mass of 32,004 Da 
for rTFPI. These results indicate that the complete protein is expressed by the 
recombinant cell line. 

Slow Gradient LC-MS 

[148] Unfractionated rTFPI lots MAECM014 (prepared according to Process B) and 
PB5806, PB6096, and PB6770 (prepared according to Process C) were analyzed by 
slow gradient LC-MS to confirm the assignment of early and late eluting peaks. 

[149] Figure 14 shows the UV chromatograms, recorded during LC-MS, where the early 
eluting peak is observed in all the rTFPI lots, but the late eluting peak is only 
observed in the MAECM014 reference lot. The chromatograms are similar to those 
observed by the purity assessment assay, except the peaks are less resolved by LC- 
MS because of the use of a microbore column method in this analysis. The 
deconvoluted mass spectra of the early eluting peak in all the samples determined that 
the major molecular ion observed in all the spectra is consistent with rTFPI 
containing methionine sulfoxide. 

[150] The materials prepared according to Process C also contain a molecular ion with a 
molecular mass 28 Da lower than normal TFPI. This is consistent with TFPI 
molecules containing two sites of norvaline incorporation per molecule at predicted 
leucine residues. The deconvoluted mass spectrum for the late-eluting peak in lot 
MAECM014 was determined to contain a component is a +42/43 Da species. The 
deconvoluted mass spectra from the same region in the UV chromatograms of the 
new lots show significantly lower amounts of the +42/43 Da component. This 
observation is consistent with the identification of acetylated rTFPI in the reference 
material prepared according to Process B but not in the material prepared according 
to Process C. 
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Fast Gradient LC-MS 

[151] The mass spectrum of the Process B reference shows a minor component with a 
molecular mass +42/43 Da higher than normal rTFPI (approximately 15% relative 
abundance). Two minor peptides isolated from rTFPI lot MAECM014 by sequential 
digestion with Asp-N and Arg-C were identified as acetylated peptides, based on 
accurate mass measurement by MALDI-TOF MS and sequence analysis by nanoES 
MS/MS (DTELPPLKLMHSFCAFKA, SEQ ID NO:40 and FESLEECKKMCTR, 
SEQ ID NO:41). The isolated peptides do not identify the proportion of the +42/43 
Da species in intact rTFPI lot MAECM014 that possess the +42 Da (acetylated) 
modification. However, taken together with the data from CEX-HPLC and slow 
gradient LC-MS above, it is likely that the +42/43 Da minor component detected in 
the Process B reference lot by CN HPLC is mainly acetylated rTFPI. 

EXAMPLE 6 

Removal ofE, coli Proteins 

[152] For comparison of the relative amounts of E. coli proteins in rTFPI preparations 
produced according to Process B and in rTFPI preparations produced according to 
Process C, samples from the latter method were analyzed using an antibody ELISA 
assay with antibodies generated E. coli proteins. 

[153] The results in Table 13 show that the purification process is efficient in removing the 
putative E. coli impurities below the level of detection in this assay. 
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Table 13. 



Lot Number 


Process 


ECP 
(ng/mg) 




2 


<2 


PB5666 


3 


<2 ; 


PB5806 


3 


<2 


PB6096 


3 


<2 



EXAMPLE 7 

Norleucine Substitution 

[154] It is well documented that the methionine analog norleucine can substitute for 
methionine in bacterial proteins. This substitution can be especially prevalent in 
E. coli cells that are stressed to overproduce a recombinant protein. Recombinant 
ala-TFPI has five methionyl residues, including one at the carboxyl terminus. The 
method described herein improves the expression level without increasing the amount 
of amino acid substitution. 

[155] Three lots of rTFPI were prepared according to Process C and tested for norleucine 
substitution. The results are shown in Table 14, where norleucine is expressed as a 
percentage of total methionine. 
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Table 14. Detection of Norleucine in rTFPI Isolated from Inclusion Bodies 
Produced by Process B and Process C 



Lot Number 


Process 


Norleucine 


XAEFL012 


Process B 


0.6% 


BNA078 


Process C 


0.3% 


BNA079 


Process C 


0.2% 


BNA086 


Process C 


0.3% 



[156] The level of norleucine in these materials was slightly lower than the level present in 
materials prepared according to Process B. The limit of quantitation is 1%; thus, 
both levels are below the level of accurate quantitation by this assay. 

EXAMPLE 8 

Measurement of deamidation 

[157] Calibration Standard Preparation. S-adenosyl-homocysteine (SAH) standards were 
prepared for HPLC analysis by diluting Promega SAH Stock Standard (15.1 |LiM) to 
concentrations of 0.625, 1.25, 2.50, and 3.75 using Milli-Q water. Samples were 
kept at 2-8°C prior to analysis by HPLC. 

[158] rTFPI Sample Preparation. Prior to sample preparation rTFPI Bulk Drug Substance 
samples (10.0 mg/ml) were diluted to 0.15 mg/ml using rTFPI Formulation Buffer. 
Each rTFPI sample was then prepared for incubation by adding 87 |jl of TFPI to a 
reaction mixture containing 30 jllI of 5X Promega Reaction Buffer, 3 |il of S- 
adenosyl-L-methionine, and 30 jil of PIMT. After brief vortexing, samples were 
incubated for 30 minutes in a water bath maintained at 30°C. After incubation, 30 pi 
of Promega Stop Solution NR was added to each sample followed by brief vortexing. 
Samples were kept at 2-8°C prior to analysis by HPLC. 

[159] RP-HPLC. Measurement of SAH was performed using a modified RP-HPLC 
procedure developed by Carlson and Riggin 2 . Sample analysis was performed using 
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a Waters Alliance HPLC system fitted with a YMC ODS-AQ 5 ym, 120 A, 4.6 x 250 
mm column (Waters P/N AQ12S052546WT). Eluent A consisted of 25 mM KH 2 PO- 
4, 10 mM 1-octanesulfonic acid, and 10% methanol while Eluent B was 100% 
methanol. The system was equilibrated at 10% Eluent B with a flow rate of 1.0 
ml/min. The column was maintained at ambient temperature with detection monitored 
at 260 nm. After sample injection (40|il for SAH standards and 100 pi for TFPI 
samples), separation was achieved using a gradient from 10-60% Eluent B over 15 
minutes followed by a column wash at 90% Eluent B for 3 minutes. The column was 
then re-equilibrated with the initial conditions (10% Eluent B) for 9 minutes prior to 
the next injection. 

[160] Data Analysis. After generating a calibration curve for the SAH standard set, the 
level of SAH in pmol was determined for each TFPI sample. Deamidation levels for 
each TFPI sample were then determined using the following formula: 

Deamidation (%) = pmol of SAH X 1 00 

pmol of TFPI 
injected 

[161] rTFPI Drug Product Stability. As Table 15 indicates, relative deamidation levels 
increase as a function of storage time and temperature. The stability sample set for 
lot QA0477 showed the following end-point deamidation levels: 5.2% (-60°C, 22 
months), 26% (+8°C, 24 months), and 57% (+25°C, 6 months). 

[162] rTFPI Bulk Drug Substance Stability. Analysis of the four Bulk drug lots stored at 
-60°C for -24 months revealed deamidation levels that varied from 4.6% to 7.6% 
with a mean of 5.8% (Table 15). The level of deamidation was very similar to TFPI 
Drug Product (5.2%) stored at equivalent conditions. 

[163] Clinical Return Samples. As Table 15 reveals, analysis of three clinical return lots 
stored at +5°C for -2 years showed deamidation levels that averaged 15.9%. These 
results were very similar to the AnOps retain samples stored at identical conditions 
( 1 5 .4% deamidation). 
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Table 15. Results for the measurement of isoaspartic acid in rTFPI Drug Product and rTFPI 
Bulk Drug Substance samples. 



AID 


Sample Info 


Lot 


Orientation 


Temp 


Months 


% Deamidation 


41731 


Clinical Return ID#202008 


PC0895A 


Upright 


+5°C 


24.8 


14.5 


41728 


Clinical Return ID#227085 


QA4321C 


Upright 


+5°C 


20.5 


15.3 


41734 


Clinical Return ID#228782 


QA4322B 


Upright 


+5°C 


20.4 


18.0 


41737 


Anops Retain 


PC0895 


Upright 


+5°C 


24.8 


16.2 


41743 


AnOps Retain 


QA4321 


Upright 


+5°C 


20.5 


15.3 


41740 


AnOps Retain 


QA4322 


Upright 


+5°C 


20.4 


14.6 


41716 


TFPI Drug Product 


QA0477 


Upright 


-60°C 


22.3 


5.2 


41704 


TFPl Drug Product 


QA0477 


inverted 


+8°C 


6.0 


8.2 


41707 


TFPI Drug Product 


QA0477 


inverted 


+8°C 


12.0 


15.3 


H I / IU 


TEDI r\n in DmHi i r*t 


f\bf\AT7 
UMU4/ / 


inverted 


+o L 


AO f\ 

lo.U 


20.2 


•4 1/ 10 


1 rr 1 UiUg riUQUCt 


nan/177 

UMU4/ / 


inverted 


+o L 




Zb.1 


41719 


TFPI Drug Product 


QA0477 


inverted 


+25°C 


3.0 


33.7 


41722 


TFPI Drug Product 


QA0477 


inverted 


+25°C 


4.5 


46.2 


41725 


TFPI Drug Product 


QA0477 


inverted 


+25°C 


6.1 


57.3 


41750 


TFPI Bulk Drug Substance 


PC0522 


Upright 


-60°C 


26.0 


4.6 


41759 


TFPI Bulk Drug Substance 


PC0788 


Upright 


-60°C 


25.8 


5.3 


41756 


TFPI Bulk Drug Substance 


PC1058 


Upright 


-60°C 


25.6 


5.6 


41753 


TFPI Bulk Drug Substance 


PC1611 


Upright 


-60°C 


24.8 


7.6 



[164] Thus, the Promega ISOQUANT® procedure is a simple and relatively quick means of 
measuring relative deamidation levels in rTFPI samples. The results showed that 
relative deamidation in rTFPI increases as a function of storage time and temperature; 
rTFPI clinical return and AnOps retain samples showed similar deamidation levels; 
and rTFPI Bulk Drug Substance and Drug Product both showed similar levels of 
deamidation. 
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EXAMPLE 9 



[165] Description of Prolongation of Prothrombin Time by TFPI— The prothrombin time 
assay is a plasma based clotting assay in which coagulation is initiated by the addition 
of TF and calcium (Innovin) to plasma. TFPI prolongs prothrombin time in a dose 
dependent manner. Test samples of TFPI or TFPI analogs can be compared to TFPI 
or TFPI analog standards in this assay. 

[166] Protocol: The full Prothrombin Time assay (PT) program was run on the MLA 
Electra 9000 coagulometer. Reaction was initiated by the instrument with the 
addition of \i\ Innovin to the plasma samples. Time to clot formation was recorded. 
Ten of arg/phosphate buffer, added to 100 |xl of plasma, gave a similar clotting 
time as plasma with no additions, 10.9 and 11.0 seconds, respectively. The activities 
of test samples were compared to a rTFPI standard using a standard curve from 0-4.5 
|Lig/ml of rTFPI. Average values from triplicate analysis are shown in Table 16. 
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Table 16. Percent Functional Activity Relative to Standard As Determined by Prolongation 
of Prothrombin Time 



AID 


Description 


L tNO 


Temp, X 


Time, m 








Ave 


StdDev 


41598 


DP stability 


QA0477 


8 


6 


120 


145 


130 


131.7 


12.6 


41618 


DP Stability 


QA0477 


8 


12 


99 


108 


110 


105.7 


5.9 


41623 


DP Stability 


QA0477 


8 


18 


115 


130 


135 


126.7 


10.4 


41633 


DP Stability 


QA0477 


8 


24 


113 


121 


125 


119.7 


6.1 


41638 


DP Frozen 


QA0477 


<-60 


22 


126 


141 


121 


129.3 


10.4 


41593 


DP Accel. Stability 


QA0477 


25 


3 


109 


119 


112 


113.3 


5.1 


41603 


DP Accel. Stability 


QA0477 


25 


4.5 


102 


100 


108 


103.3 


4.2 


41608 


DP Accel. Stability 


QA0477 


25 


6.1 


108 


114 


111 


111.0 


3.0 


41646 


DP Clinic Return 


QA4321C 


5 


20.5 


112 


130 


123 


121.7 


9.1 


41651 


DP Clinic Return 


PC0895A 


5 


24.8 


119 


132 


132 


127.7 


7.5 


41656 


DP Clinic Return 


QA43226 


5 


20.4 


128 


141 


129 


132.7 


7.2 


41675 


DP AnOps Retain 


PC0895 


5 


24.8 


121 


119 


135 


125.0 


8.7 


41681 


DP AnOps Retain 


QA4322 


5 


20.4 


121 


134 


133 


129.3 


7.2 


/MCQ"7 


UK Anups Ketain 




b 


AJ.b 


120 


12b 


A A(\ 

119 


121.5 


3.2 


41660 


DS Frozen 


PC0789 


<-60 


25 


105 


110 


111 


108.7 


3.2 


41665 


DP aliquot from 


QA4322 


5 


20 


110 


117 


125 


117.3 


7.5 




AMD 


















41669 


DP aliquot from 


PC0891 


5 


25 


133 


112 


116 


120.3 


11.2 




AMD 



















EXAMPLE 10 
Survival studies 

[167] A murine cecal ligation and puncture study was conducted to compare a freshly 
prepared, clinical grade lot of rTFPI (TFPI 92) with clinical grade material that was 
partially deamidated and oxidized (TFPI 78). This model induces a polymicrobial 
intraperitoneal and systemic infection by direct fecal contamination and cecal 
necrosis, closely mimicking human intra-abdominal sepsis. Opal et al, Critical Care 
Medicine 29, 13-18, 2001. 

[168] Both preparations of TFPI were prepared according to Process C. Either rTFPI 78, 
rTFPI 92 or diluent control was given in a blinded fashion over 48 hours (SQ ql2 
hours x four doses). Prior to and 48 hours after the surgical procedure, blood was 
drawn to determine the level of quantitative bacteremia, endotoxin and cytokines 
(tumor necrosis factor-alpha and interleukin-6). The animals were observed daily and 
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deaths were recorded as they occurred. All animals underwent necropsy evaluation 
for histological evidence of organ injury and quantitative bacteriology at the end of 
the experimental period. 

[169] The Kaplan-Meier survival plots are depicted in FIG. 16. There was a significant 
survival advantage for the mice who received the freshly prepared rTFPI as compared 
with the partially oxidized, deamidated form of rTFPI. Both rTFPI groups fared better 
than those mice that received diluent in the control group. As expected the sham- 
operated mice (surgical intervention with identification of the cecum but no ligation 
and puncture) survived the seven-day study period. There were no significant 
differences in the secondary endpoints of bacteremia, endotoxemia, or cytokine 
production between the two rTFPI-treated groups. 

[170] This study demonstrates that TFPI seems to offer a survival advantage through a 
mechanism not explained by blood levels of bacteria, endotoxin, or cytokines. 
Deamidated, oxidized TFPI offered less protection than freshly prepared TFPI. 
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